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APOLOGIA 

Like.  most  final  xepoxts,  the.  pxesent  one  is  a  woxking 
document,  pA.c4e.ntcd  with,  the  knowledge  that  it  is  bated  on 
a  considexable  amount  of  data  and  obsexvations  yet  knowing 
too  that  the  conclusion*  and  genexalities  axe  subject  to 
change  as  moxe  data  axe  obtained .  In  most  scientific 
studies  one  has  data  fxom  contxols  with  which  to  compaxe 
expeximental  data\.  In  this  sense  contxols  wexe  not  possible  fox 

i 

all  phases  of  this  .study.  Watex  level  fluctuations  axe  not 
duplicated  on  a  yeax-to-yeax  basis;  some  genexalities  axe 
thus  based  on  empixical  data  accumulated  duxing  the  time  of 
this  study. 

I  have  txied  to  avoid  jaxgon  in  this  xepoxt,  but  cextain 
texminology  is  used  that  is  usual  in  ecological  xepoxts .  If 
questions  axise  xelated  to  use  of  texminology ,  I  would  be 
happy  to  xespond  to  them. 

I  also  apologize  to  those  xeadexs  not  completely  familiax 
with  scientific  names  of  plants.  Thexe  axe  no  widely  accepted 
common  names  fox  plants;  in  fact  the  same  plant  may  have  moxe 
than  one  common  name  within  the  bounds  of  oux  study  -region. 

Quite  adequate  floxas  of  states  and  xegions  axe  becoming  moxe 
abundant;  I  would  hope  pexsons  dealing  with  plants  (except  fox 
cultivated  vaxieties)  would  moxe  willingly  accept  the  latinized 
plant  names . 

Finally,  I  would  appxeciate  having  my  attention  xefexxed 
to  significant  ambiguities  in  the  xepoxt. 


Geoxge  R.  Hoffman 


INTRODUCTION 


Statement  of  the  Problem 

Though  the  exact  number  is  unknown,  man-made  lakes  are 

1 

t* 

abundant,  numbering  in  the  thousands,  and  most  are  relatively 
new.  Of  the  man-made  lakes  greater  than  1,000  km2  in  surface 
area,  only  one  was  created  before  World  War  II.  Fels  and 
Keller  (1973)  tabulated  the  41  largest  man-made  lakes,  their 
locations  and  their  surface  areas;  and  they  estimated  the 
total  surface  area  of  all  water  surfaces  created  by  man  to  be 
greater  than  300,000  km  .  Lvovich  (1969,  cited  by  Ackerman 
1973)  estimated  man-made  lakes  regulate  1/10  of  the  total 
runoff  from  land  surfaces. 

While  there  are  many  data  accumulated  on  the  ecologic 
characteristics  of  natural  lakes,  there  are  considerably  fewer 
on  man-made  lakes.  There  is  a  general  understanding  of  major 
changes  that  accompany  the  creation  of  a  lake.  Since  most 
dams  are  built  across  rivers,  the  lakes  formed  inundate  ter¬ 
restrial  plant  and  animal  communities  of  the  former  flood- 
plain  and  river  terrace  habitats.  Aquatic  habitats  of  the 
river  are  replaced  by  habitats  more  suited  to  different  organ¬ 
isms,  or  to  many  of  the  same  organisms  in  different  abundances 
As  the  lake  fills  and  kills  terrestrial  vegetation,  the  nutri¬ 
ent  input  from  the  dead  organic  matter  increases  lake  pro¬ 
duction  to  a  bloom  stage  which  subsides  just  before,  or  just 
after,  the  lake  reaches  full  pool.  Wave  action,  combined 
with  man-controlled  water  level  changes,  create  vast  areas 


of  barren,  eroding  shores  which  in  turn  provide  habitat  for 
numerous  ephemeral  weed-dominated  plant  and  animal  communities 
The  general  end  result  is  replacement  of  one  group  of  biotic 
communities  by  another.  Among  the  latter,  the  shore  plant 
communities  are  essentially  ephemeral,  less  stable  than  those 
they  replaced,  and  subject  to  rapid  change  in  composition  as 
the  water  levels,  directed  by  man,  dictate. 

/  The  upper  Missouri  River,  from  eastern  Montana  to  South¬ 
eastern  South  Dakota,'  has  six  mainstem  dams  and  reservoirs. 
Within  this  impounded  segment  of  the  Missouri  River,  510  km 
are  still  free-flowing  and  1444  km  are  impounded  (Benson 
1968).  Two  of  the  largest  of  these  reservoirs  are  Lakes  Oahe 
and  Sakakawea.  At  maximum  pool  Lake  Oahe  is  402  km  long,  has 
a  shoreline  of  3783  km  and  a  surface  area  of  152,227  ha.  For 
Lake  Sakakawea  comparable  values  are  322  km  in  length,  2415 
km  of  shoreline  and  173,279  ha  of  surface  area  (Benson  1968). 
Water  levels  in  both  these  lakes  are  highest  during  the  sum¬ 
mer  and  lowest  during  the  winter.  The  land  area  around  the 
lakes  between  high  and  low  water  levels  is  the  shore .  The 
shore  area  around  each  lake  depends  upon  the  magnitude  and 
elevation  of  annual  water  level  fluctuation  combined  with  the 
angle  of  slope  along  the  shore.  Estimates  of  shore  areas  for 
these  two  lakes  over  the  period  1969-1976,  based  on  1968  lake 
basin  morphometry,  are  given  in  Table  1.  These  areas  repre- 
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sent  a  potential  habitat  for  terrestrial  plant  and  animal 
communities  as  well  as  a  spawning  habitat  for  certain  fish 
species . f - 


Shore  area  estimates  from  U.S.  Army  Corps  of  Engineers  (1971,  1972). 


Because  so  little  is  known  of  the  ecological  importance 
of  these  shore  areas,  and  especially  their  potential  in  sup¬ 
porting  vegetation,  the  present  study  was  done.  Primary  aims 
of  the  study  were  as  follows: 

1.  Describe  quantitatively  the  shore  vegetation  of  both 

lakes,  and  investigate  its  dynamics  over  a  period  of 
years .  , 

i 

2.  Determine  the  possibility  of  experimentally  estab¬ 
lishing  species  along  the  shores. 

3.  Determine  the  responses  of  shore  vegetation  to  the 
limiting  factors  of  inundation,  cattle  grazing  and 
soil  nutrient  status. 

This  report  is  a  final  report  prepared  for  the  U.S.  Army 
Corps  of  Engineers,  Omaha  District.  The  author  is  solely  re¬ 
sponsible  for  its  contents  and  interpretations.  Parts  of 
this  final  report  have  been  published,  other  parts  will  be 
published  in  the  open  literature  at  which  time  the  usual  copy¬ 
right  laws  will  apply.  Until  then,  the  material  in  this  re¬ 
port  can  be  referenced;  if  other  use  is  to  be  made  of  the 
material  contained  herein,  please  first  contact  the  author 
or  the  U.S.  ^rmy  Corps  of  Engineers,  Omaha  District,  Oper¬ 


ations  Division 
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Following  nomenclature  of  Thornbury  (1954)  for  coastal 
areas,  shore  is  defined  as  that  a.ea  around  the  lake  between 
low  and  high  water  levels.  Shoreline  marks  the  position  on 
the  shore  of  the  water  level  at  a  particular  time.  While 
some  use  the  terms  shore  and  shoreline  synonymously,  they  will 
be  distinguished  here  as  the  shoreline  provides  a  suitable 
mobile  line  of  reference  moving  up  and  down  along  the  shore 
through  the  course  of  a  year. 

Wave  action  within  a  newly-formed  lake  immediately  begins 
eroding  headlands  and  depositing  materials  in  embayments.  The 
result  is  a  change  from  less  regular  to  more  regular  shoreline 
Water  level  fluctuations  serve  to  enhance  the  processes  of 
erosion  and  deposition  initiated  by  wave  action.  While  re¬ 
modeling  of  the  lake  shores  continues  over  a  long  period  of 
time,  it  is  most  obvious  during  the  early  years  in  the  exis¬ 
tence  of  a  lake.  As  cliffs  erode,  benches  or  terraces  form 
at  their  bases.  Continued  wave  action  over  long  periods  re¬ 
duces  the  benches  or  terraces  to  gradual  slopes  eventually 
producing  an  equilibrium  profile  of  the  shore.  In  general 
fine  textured  materials  (silt  +  clay)  wash  away  from  the  shore 
to  deeper  parts  of  the  lake  leaving  behind  coarser  materials 
to  form  the  shore  substrates.  Exceptions  to  this  are  found 
in  embayments  of  a  young  lake  where  deposits  of  fine  materials 
can  make  up  most  of  the  shore  substrate.  Though  shore  sub¬ 
strates  are  considered  in  more  detail  later,  the  geologic 
parent  materials  of  the  shores  determine  to  some  extent  the 
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rates  of  erosion  and  deposition,  and  thus  in  turn  the  rates 
of  shoreline  remodeling.  With  its  abundance  of  variously- 
sized  boulders,  glacial  till  produces  armoured  shores  com¬ 
prised  of  conspicuously  large  boulders  remaining  after  most 
of  the  silt  and  clay  has  washed  away.  Armoured  shores  are 
most  common  along  headlands  of  young  lakes;  and  while  they 
are  suitable  for  very  little  plant  growth  armoured  shores  are 
ordinarily  subject  to  no  further  erosion.  Quite  the  opposite 
is  the  situation  of  shore  substrates  having  high  clay  and 
silt  content  particles  of  which  are  readily  suspended  and 
carried  far  from  shore. 

Shore  remodeling  is  further  enhanced  where  large  masses 
of  earth  slump  into  the  lake.  This  happens  relatively  fre¬ 
quently  around  Lake  Oahe  where  Pierre  Shale  is  predominant 
and  is  seamed  with  bentonite.  The  mass  of  earth  moved  down- 
slope  into  or  near  the  water  may  then  take  the  brunt  of  wave 
action  as  the  erosion  process  continues.  Patches  of  terres¬ 
trial  vegetation  on  the  moved  mass  may  remain  intact  and  be¬ 
come  shore  vegetation  for  a  temporary  period  until  inundation 
kills  most  of  the  species  . 

Another  factor  in  the  shoreline  remodeling  process  is  the 
abundance  of  logs  of  trees  inundated  and  killed  while  the  lake 
was  filling.  Logs  frequently  float  -into  embayments,  remain 
entangled  there  and  eventually  are  covered  by  deposits  of  clay 
and  silt  particles.  New  shore  areas  thus  formed  in  embayments 
are  vegetated  and  subject  to  the  continued  physical  forces  of 
wave  action  accompanying  water  level  fluctuations. 


THE  STUDY  REGION 


Climate 


A  continental  climate  prevails  over  the  entire  study 
region  which  extends  across  the  upper  and  part  of  the  middle 
Missouri  River  valley.  For  five  climatic  stations  near  Lakes 
Sakakawea  and  Oahe  (Fig.  1)  a  summary  of  precipitation  and 
temperatures  is  given  in  Table  2.  Total  precipitation  ranges 
from  37.2  cm  at  Williston,  N.D.  at  the  western  end  of  Lake 
Sakakawea  to  40.5  cm  at  Garrison,  N.D.  near  the  eastern  end 
of  the  Lake.  Bismarck,  N.D. ,  just  north  of  the  upper  end  of 
Lake  Oahe  has  an  annual  average  precipitation  of  39.0  cm, 
Mobridge,  S.D.  near  the  middle  of  the  Lake  has  an  annual 
average  of  40.3  cm  and  Pierre,  S.D.,  at  the  southern  end  of 
the  Lake  has  an  annual  average  of  40.7  cm.  At  all  these 
locations  75-77#  of  the  total  precipitation  falls  during  the 
six  month  period  April  -  September. 

Temperatures  over  the  region  are  generally  characterized 
as  extreme,  cold  during  the  winters  and  hot  during  the  sum¬ 
mers.  Mean  maximum  and  minimum  temperatures  for  January  and 
July  for  the  same  five  locations  follow: 

January  July 


Maximum 


Williston,  N.D.  -7°C 
Garrison,  N.D.  -7°C 
Bismarck,  N.D.  -7°C 
Mobridge,  S.D.  -4°C 
Pierre,  S.D. 


Minimum 

Maximum 

Minimum 

-1 9°C 

2  9°C 

13°C 

-19°C 

29°C 

13°C 

-18°C 

30°C 

i~* 

0 

o 

-17°C 

32°C 

16°C 

-2°C 


-14°C 


33°C 


17°C 


Fig.  1.  Location  of  five  weather  bureau  stations  close 
to  Lakes  Oahe  and  Sakakawea.  Also  shown  are  the  38 
study  sites  on  each  of  the  two  lakes.  Major  tributaries 
enter  the  Missouri  River  from  the  west. 


Fig.  2.  Geologic  formations  of  the  study  region.  GT  * 
glacial  till,  G  +  R  *  glacial  drift  plus  residuum,  TR/FU 
Tongue  River/Fort  Union  formation,  C/L  ■  Cannonball/ 
Ludlow  formation,  HC  -  Hell  Creek  formation,  PS  »  Pierre 
Shale.  Ornamented  line  indicates  apparent  extent  of 


glaciation.  j=h  ,  p. 


fc.  i  i  :  1 1  : 


for 


n> m+ir'. 


Precipitation  effectiveness  decreases  southward  along  Lake 
Oahe  owing  to  greater  evaporative  rates  during  the  warmer 
summers  combined  with  high  clay  contents  of  most  of  the  sub¬ 
strates  that  hold  soil  moisture  close  to  the  surface. 

Geology 

Though  the  Missouri  River  generally  marks  the  southern 
and  western  limits  of  glaciation  in  the  Dakotas,  at  least 
minimal  glaciation  occurred  beyond  the  River  (Fig.  2).  Under 
the  glacial  deposits  in  our  study  region  are  very  thick  sedi¬ 
mentary  deposits  of  tertiary  and  Cretaceous  age.  In  western 
North  Dakota  the  most  widespread  is  the  Tertiary  Tongue  River 
formation,  sediments  well-known  for  their  lignite  beds  and 
their  scoria-capped  buttes  and  hills  (Leonard  1930).  Upper 
Tertiary  deposits  are  most  evident  adjacent  the  Little 
Missouri  River  where  glaciation  did  not  occur  and  where  ero¬ 
sion  has  produced  prominent  badland  topography.  Because  the 
glacial  mantle  was  relatively  thin  near  the  River,  erosion 
has  exposed  the  older  Tertiary  sediments  leaving  the  glacial 
debris  primarily  on  the  upper  slopes  and  crests  of  hills. 

In  Fig.  2  such  areas  in  the  study  region  are  shown  as  mixtures 
of  glacial  drift  and  residuum.  Fox  Hills  Sandsto.ne,  an  upper 
Cretaceous  deposit  is  exposed  along  the  lower  Connonball  River 
valley  and  southward  along  the  northern  part  of  Lake  Oahe. 
Southward  along  Lake  Oahe  both  glacial  drift  and  Cretaceous 
Pierre  Shale  are  present,  the  latter  being  the  most  widespread 
sedimentary  formation  in  western  South  Dakota.  The  major 


tributaries  of  both  Lakes  Oahe  and  Sakakawea  enter  the  Lakes 
(former  Missouri  River)  from  the  west  and  south  sides  and 
have  cut  valleys  through  the  thin  glacial  mantle  and  deep 
into  the  soft  shales  and  sandstones  of  sedimentary  origin. 

No  tributaries  of  comparable  magnitude  enter  the  River  from 
the  northern  or  eastern  sides,  and  apparently  never  did  even 
before  the  Pleistocene,  a  point  of  considerable  interest  in 
historical  geology  (Flint  1955)  . 

As  with  Lake  Sakakawea,  Lake  Oahe  is  long  and  narrow 
and  much  of  the  shore  area  is  the  former  bluffs  adjacent  the 
former  River  valley.  Erosion  on  both  sides  of  Lake  Oahe  has 
cut  through  the  thin  glacial  mantle  into  the  Pierre  Shale 
forming  a  labyrinth  of  steep-walled  gullies  and  ravines  back 
from  the  lake  shore.  This  peculiar  topography  is  known 
locally  as  the  Missouri  River  "breaks".  In  localized  areas 
along  both  Lakes  loess  and  gravel  deposits  of  Pleistocene 
origin  are  part  of  the  shores.  Fox  Hills  Sandstone  and  the 
Pleistocene  gravels  have  weathered  into  sandy  textured  sub¬ 
strates  while  the  loess  weathered  into  a  silt  loam  substrate. 
The  Tertiary  and  Cretaceous  sedimentary  substrates  weather 
into  soils  ranging  from  sands  to  clays.  Edaphic  character¬ 
istics  of  the  shore  substrates  are  considered  in  detail  later 
in  this  report. 

Detailed  descriptions  of  the  upland  soil  profiles  of  our 
study  region  are  not  included  here.  Shore  vegetation  along 
both  Lakes  is  for  the  most  part  rooted  directly  in  transported 
or  residual  parent  material  that  is  but  slightly  altered. 


Soil  profiles  are  not  distinguishable  along  the  lake  shores. 
For  descriptions  of  the  mature  soil  profiles  of  the  uplands 
the  reader  is  referred  to  Wes tin  et  al.  (1967),  Omodt  et  al. 
(1968),  and  Patterson  et  al .  (1968). 


Regional  Vegetation 

Natural  potential  vegetation  within  the  region  of  North 
and  South  Dakota  delimited  by  44°  to  49°  north  latitude  and 
the  100th  to  the  104th  meridians  consists  of  both  steppe  and 
forest.  The  uplands  of  normal  soils  support  a  steppe  vegeta¬ 
tion  dominated  by  Agropyron  smithii ,  Bouteloua  gracilis , 

Stipa  viridula  and  S^  comata .  Associated  with  these  dominants 
is  a  rich  mixture  of  forbs  and  other  graminoids  (Kuchler  1964) 
With  few  exceptions,  shrubs  that  are  present  on  the  upland  do 
not  alter  the  physiognomy  of  the  steppe  but  rather  form  a 
mosaic  with  the  herbaceous  species  present.  A  detailed  de¬ 
scription  of  steppe  vegetation  of  western  North  Dakota  is  pro¬ 
vided  by  Whitman  and  Hanson  (1938),  and  some  of  the  woody 
communities  are  described  by  Nelson  (1961).  Most  of  the 
natural  vegetation  of  the  region  has  been  altered  as  a  result 
of  cattle  and  sheep  grazing  and  agriculture.  Ravines  of  the 
"breaks”  area  support  woody  vegetation  consisting  of  an  ad¬ 
mixture  of  Juniperus  virginiana,  Acer  negundo ,  Fraxinus 
pennsylvanica,  Celt is  occidentalis ,  Prunus  virginiana,  Ulmus 


ricarpos  occidentalis 


Except  for  limited  stretches  along  the  River,  reservoirs 
have  replaced  the  gallery  forest  that  followed  the  river 
across  the  Dakotas  into  Montana.  Where  fragments  of  it  still 
remain,  the  dominants  are  Populus  deltoides ,  Ulmus  americana, 
U .  rubra,  Fraxinus  pennsylvanica,  Acer  negundo ,  Quercus 
macrocarpa,  Fraxinus  pennsylvanica  and  a  few  other  species  of 
limited  importance.  In  a  study  of  the  floodplain-river  ter¬ 
race  forests  along  the  Missouri  River  from  just  south  of 
Garrison  Dam  to  just  north  of  the  upper  end  of  Lake  Oahe, 
Burgess  et  al .  (1973)  encountered  229  plant  species  in  the 
variously-aged  gallery  forests.  For  many  of  these  species 
the  115  km  stretch  of  gallery  forest  is  their  last  refuge. 
Even  here,  lack  of  flooding  which  was  an  integral  part  of  the 
former  environment,  and  land  clearing  for  agriculture  are 
taking  their  toll  on  what  is  left  of  this  forest  (Burgess  et 
al.  1973). 


NATURAL  DEVELOPMENT  OF  SHORE  VEGETATION 
Methods  of  Study 

Vegetational  Analyses . - During  most  of  the  growing 

season,  1971,  we  traveled  extensively  around  both  Lakes  Oahe 
and  Sakakawea  collecting  plants  and  selecting  sites  for 
study.  As  steep  eroding  cliffs  are  characteristic  of  much 
of  the  shoreline,  these  were  eliminated  immediately  as  pos- 
sible  study  sites.  Vegetation  becomes  established  on  most 
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shore  areas  where  slope  is  not  excessively  steep  and  these 
were  areas  selected  for  study.  Initially  we  selected  50  sites 
around  each  lake.  The  sites  were  distributed  widely  enough 
to  include  the  various  geologic  substrates  present  as  well 
as  the  range  of  climatic  conditions.  After  two  years  of 
sampling  we  reduced  by  12  around  each  lake  the  number  of  sam¬ 
pling  sites  allowing  us  to  more  efficiently  cover  the  very 
large  study  area  and  still  continue  to  obtain  adequate  vege¬ 
tational  data.  Locations  of  study  sites  are  shown  on  Fig.  1. 

At  each  site  selected  we  drove  steel  stakes  into  the 
ground,  one  well  above  the  highest  water  level  and  one  lower 
on  the  shore  where  vegetation  is  inundated  yearly.  The 
stakes  permanently  marked  the  upper  and  lower  ends  of  tran¬ 
sects  along  which  we  placed  a  steel  tape  and  at  meter  inter¬ 
vals  estimated  canopy  coverages  of  plant  species  within 
2  x  5  dm  plots.  Using  a  canopy  coverage  technique  described 
by  Daubenmire  (1959),  we  estimated  coverages  of  each  species 


in  classes  as  follows: 


Coverage  Class 
1 
2 

3 

4 

5 

6 


Coverage  Interval 
0  -  5% 

6  -  25% 

26  -  50% 

51  -  75% 

76  -  95% 

96  -100% 


Average  Coverage 
2.5% 

15.5% 

38.0% 

63.0% 

83.5% 

98.0% 


For  each  species  in  a  plot  we  recorded  the  number  that 
corresponded  to  our  estimate  of  its  canopy  coverage.  Be¬ 
cause  species  were  often  stratified  in  our  plots,  it  was 
possible  for  the  total  coverage  in  a  plot  to  exceed  100%. 

In  the  laboratory  the  numbers  were  converted  to  coverage 
values  using  the  average  coverages  for  the  particular  cover¬ 
age  intervals.  The  numbers  were  then  averaged  for  each 
species  within  each  vegetational  zone.  The  coverage  classes 
as  defined  provide  little  chance  for  consistent  human  error 
in  assigning  species  to  coverage  classes,  and  when  applied  to 
many  small  (0.1  m  )  plots  the  coverage  estimates  yield  rela¬ 
tively  precise  averages  (Daubenmire  1959,  1968).  It  is  im¬ 
portant  to  note  that  the  coverage  estimates  are  for  actual 
rather  than  relative  coverage.  The  value  of  the  coverage 
data  is  in  providing  quantitative  estimates  of  the  importance 
of  plant  species  which  adds  to  the  overall  descriptions  of 
the  vegetation  and  its  responses  to  yearly  water  level  fluc¬ 


tuations  . 


Soil  Analyses.- — At  each  site  we  collected  along  the 
sampling  transect  6  to  10  soil  samples  of  the  upper  dm  of 
mineral  soil.  These  were  air-dried  in  the  field,  then  taken 
to  the  laboratory  where  they  were  composited  and  passed 
through  a  2  mm  3ieve  to  remove  gravel.  On  each  sample  we 
did  the  following  tests:  mechanical  analysis  to  determine 
particle  size  distribution,  pH  of  the  soil  paste  using  a 
glass  electrode,  readily  exchangeable  Ca,  Mg,  K  and  P  using 
"quick”  soil  tests,  total  N  using  the  Kjeldahl  method,  and 
percent  organic  matter  using  a  modified  Walkley-Black  method 
(Moodie  et  al .  1963).  At  a  number  of  our  sites  we  used  the 
gypsum  block-conductivity  method  of  measuring  soil  moisture 
through  the  growing  season.  Gypsum  blocks  were  buried  1  dm, 

2  dm  and  3  dm  deep  at  positions  along  the  study  transect. 

Vegetation  Classification. - Shore  vegetation  around 

Lakes  Oahe  and  Sakakawea  is  a  mosaic  of  shifting  plant  popu¬ 
lations  that  respond  noticeably  to  yearly  water  level  fluctu¬ 
ations.  Because  vegetational  responses  among  various  sites 
may  be  similar  owing  to  possible  similar  intrinsic  habitat 
factors,  we  examined  data  for  vegetational  similarities. 
Grouping  similar  sites  was  done  initially  by  simple  inspection 
of  the  data.  Additionally,  the  vegetation  zones  that  have 
developed  around  both  lakes  were  sufficiently  clear  that  much 
of  the  quantitative  data  obtained  in  the  field  supported  some 
of  the  impressions  gained  early  in  the  study. 

Further  analysis  of  data  was  done  by  calculating  coef¬ 
ficients  of  similarity  (C.S.)  between  each  pair  of  sites  with¬ 
in  each  vegetation  zone.  I  used  the  following  familiar  ex- 


pression  to  calculate  the  coefficients: 


C.S. 


2W 

A  +  B 


x  100 


where 

A  *  sum  of  coverage  values  for  one  site 
B  =  sum  of  coverage  values  for  second  site 
W  *  sum  of  lower  coverage  values  for  all  species 
the  two  sites  have  in  common 

The  similarity  is  then  expressed  as  a  percentage.  Only  total 
similarity  in  species  composition  and  coverage  values  can 
yield  100#  similarity  between  two  sites.  The  actual  calcula¬ 
tions  were  done  on  an  IBM  360/175  computer.  There  were  38 
sites  on  each  lake.  Coefficients  of  similarity  were  deter¬ 
mined  for  each  pair  of  sites  within  each  vegetation  zone. 

Two  vegetation  zones  around  Lake  Oahe  and  three  zones  around 
Lake  Sakakawea  yielded  five  matrices  of  704  similarity  co¬ 
efficients  each.  There  were  enough  high  coefficients  within 
the  five  matrices  that  corresponded  to  my  subjective  analyses 
of  similar  sites  to  encourage  further  analysis. 

I  used  two  techniques  to  objectively  classify,  or  group, 
the  coefficients  of  similarity.  One  technique  was  the 
weighted  pair-group  method  (Sokal  and  Sneath  1963)  and  the 
other  was  an  agglomerative  method  described  by  Orloci  (1967) 
and  used  by  Sheard  and  Jonescu  (1974).  Detailed  descriptions 
of  the  techniques  and  their  assumptions  can  be  found  in  the 
literature  cited  above.  Briefly  the  methods  of  grouping 
sites  are  these.  In  the  weighted  pair-group  method  the  pair 


of  sites  having  the  highest  similarity  value  is  clustered; 
then  a  new  matrix  of  similarity  coefficients  is  calculated 
with  one  less  column  (site).  Eventually  individual  sites 
will  be  clustered  with  clusters  of  two  or  more  sites,  and 
clusters  will  be  grouped  with  other  clusters  in  which  case 
the  new  value  of  the  cluster  is  the  average  of  the  cluster 
present  and  the  site  (or  cluster)  added.  This  particular 
method  tends  to  distort  the  cluster  value  in  favor  of  the 
newly  added  member.  Clustering  using  the  agglomerative  tech¬ 
nique  is  also  based  on  grouping  together  those  values  showing 
greatest  similarity.  In  this  case,  however,  the  values- will 
be  the  smallest  as  they  represent  Euclidean  distances  de¬ 
rived  from  a  normalized  data  matrix.  After  each  clustering 
cycle  a  new  normalized  data  matrix  is  calculated  fr.-m  which 
pairs  of  sites,  or  clusters  plus  sites,  or  clusters  plus 
clusters,  are  grouped  together.  In  both  methods  only  those 
having  the  greatest  similarity  are  clustered  during  each 
clustering  cycle  (Sheard  and  Jonescu  1974). 

In  both  of  these  techniques  recalculating  either  the 
data  matrix  or  the  distance  matrix  following  each  clustering 
cycle  results  in  a  "new"  value  for  each  pair  of  sites,  or 
each  pair  of  clusters  and  clusters .  The  more  new  values 
that  are  calculated  the  greater  the  probability  of  eventually 
grouping  sites  that  one  would  not  group  based  on  examination 
of  the  original  coefficients  of  similarity.  Whether  the 
clustering  techniques  fail  to  group  sites  that  should  be 
g- ouped  only  the  investigator  can  determine.  The  techniques 
have  no  "truth"  per  se  inherent  in  them,  and  only  a  thorough 


knowledge  of  the  biology  and  ecology  of  the  shore  vegetation 
can  provide  the  background  of  the  worth  or  the  "truth"  of  the 
objective  classifications.  Further,  no  two  clustering  tech¬ 
niques  provide  identical  results;  thus  it  becomes  the  respon¬ 
sibility  of  the  investigator  to  determine  the  usefulness  of 
the  techniques  to  the  problem  at  hand.  In  my  judgement  the 
techniques  were  of  some  use  in  sorting  out  similar  shore 
sites  and  grouping  them.  Dendrograms  showing  how  the  sites 
became  clustered  are  presented  below. 


Lake  Qahe  Vegetation 

Description  and  Successional  Trends. - Around  Lake  Oahe 

two  zones  of  vegetation  r.re  readily  distinguished.  The  upper 
zone,  zone  one,  is  upland  steppe  in  various  expressions  from 
pristine  to  over-grazed  to  recently  cultivated.  Zone  one  has 
not  been  inundated  and  is  therefore  by  definition  not  part  of 
the  shore  of  the  Lake.  Zone  two  vegetation  is  that  of  the 
shore;  it  is  in  various  stages  of  development  depending  to  a 
great  extent  on  the  time  of  last  inundation,  the  pressures  of 
grazing,  erosion  and  deposition,  and  other  factors  affecting 
its  development.  The  lowest  fringe  of  zone  two  vegetation  is 
inundated  almost  yearly. 

Most  of  zone  one  vegetation  has  been  disturbed  by  graz¬ 
ing,  in  some  locations  grazing  so  severe  that  very  little 
native  vegetation  remains.  Quantitative  data  of  the  vege¬ 
tation  of  zone  one  is  presented  in  Table  A  of  the  Appendix. 

A  summary  of  the  12  most  important  species  of  zones  one  and 


two  is  given  in  Table  3.  Zone  one  vegetation  is  floristically 
rich;  nearly  200  species  were  encountered  in  our  plot  samples. 
The  wide  diversity  of  topographic  positions,  geologic  sub¬ 
strates,  and  uses  of  the  upland  steppe  combined  with  the  man¬ 
ner  of  our  sampling  prevented  constancy  values  from  being 
very  high  for  most  species  of  zone  one  (Table  A).  Vegetation 
of  zone  one  varies  considerably  from  one  site  to  the  next. 

Six  sites  were  apparently  seeded  to  Agropyron  cristatum  and 
Bromus  inermus ,  both  of  which  dominated  these  sites.  As  in¬ 
dicated  in  Table  3  the  average  coverages  of  these  two  species 
are  comparatively  high,  but  their  constancies  are  rather  low. 
Four  of  the  upland  sites  had  been  so  depleted  by  grazing  that 
only  alien  species  made  up  the  bulk  of  the  vegetation  remain¬ 
ing.  Nineteen  of  the  sites  were  grazed  to  various  degrees  but 
still  had  some  native  steppe  species  remaining.  Nine  sites 
were  relatively  undisturbed  or  grazed  lightly  so  that  many 
native  species  were  still  present.  Agropyron  smithii  is 
dominant  over  most  of  zone  one  and  is  very  widely  distributed 
throughout  the  study  region.  Bromus  .japonicus ,  common  on 
grazed  sites,  is  second  in  importance  in  this  zone.  The  re¬ 
maining  species  of  zone  one  have  much  smaller  coverage  and 
constancy  values.  Of  the  12  species  listed  in  Table  3,  eight 
have  coverages  no  higher  than  3.2%,  only  two  species  have 
coverages  of  6.2%  or  higher  and  the  remaining  two  species 
have  coverages  of  12%  and  30$.  The  constancies  of  all,  but 
two  species  are  26%  or  less. 

The  primary  focus  of  the  study  on  Lake  Oahe  was  zone  two 
(shore)  vegetation.  During  a  "normal”  year  at  least  part  of 


Table  3  .  Twelve  constant-domirant  species  from 
one  and  two  on  Lake  Oahe.  Values  given  are  av^ 


(COV)  and  constancy  (CON)  for 

the  years 

1972-1J 

Zone 

One 

Species 

COV 

CON 

Bromus  japonicus 

12  % 

52% 

Agropyron  cristatum 

6.4 

16 

Bromus  inermis 

6.2 

19 

Symphoricarpos  occidentalis 

3.2 

18 

Aster  ericoides 

2.7 

26 

Poa  pratensis 

2.5 

22 

Melilotus  officinalis 

2.0 

17 

Lactuca  oblongifolia 

1.0 

21 

Stipa  viridula 

1.4 

20 

Agropyron  smith ii 

30 

78 

Hordeum  .lubatum 

1.4 

24 

Sochia  scoparia 

3.2 

12 

Rumex  crispus 

Lactuca  serriola 

Chenopodium  album 

Polygonum  ramosissimum 

He li an thus  annuus 

Populus  deltoides 

Salix  spp.a 

Polygonum  lapathifolium 

Potentilla  norvegica 


These  include  exigua.  S.  amygdaloides . 


this  zone  is  inundated.  Occasionally  water  levels  are  high 
enough  to  inundate  most  of  the  zone;  during  other  years  lower 
water  levels  inundate  only  the  lowest  fringe  of  the  shore. 
Overall,  zone  two  vegetation  is  a  mosaic  of  shifting  plant 
communities  most  members  of  which  become  established  during 
the  fall  or  spring  when  the  water  level  is  low.  Survival  and 
continued  development  of  the  shore  vegetation  depends  consid¬ 
erably  on  the  timing  and  magnitude  of  water  level  fluctuations 
Water  level  fluctuation  patterns  in  Lake  Oahe  complicate  the 
explanation  of  shore  vegetation  development.  Not  only  is  the 
magnitude  of  the  fluctuation  important,  but  also  the  timing 
and  duration  of  the  fluctuation.  An  early  spring  rise  in 
water  level  may  eliminate  much  potential  vegetation  that  a 
slower  rise  in  water  level  to  the  same  elevation  might  not 
eliminate.  Additionally,  a  long  duration  of  high  water  level 
might  eliminate  species  that  would  survive  a  briefer  period. 
Plant  species  inundation  tolerance  will  be  discussed  in  great¬ 
er  detail  below;  here  the  emphasis  is  on  the  rather  broader 
effects  of  water  level  fluctuations  on  shore  vegetation. 

The  total  shore  area  is  given  in  Table  1.  However,  in¬ 
dividual  sites  vary  in  length  depending  on  slope  of  the  shore 
and  the  time  of  the  year.  A  shore  slope  of  10°  provides  con¬ 
siderably  less  area  of  shore  than  a  shore  slope  of  5°.  In 
late  June,  when  water  level  is  near  maximum,  the  shore  at  a 
particular  site  may  be  little  more  than  a  fringe  of  vegeta¬ 
tion  at  the  edge  of  the  water.  In  the  fall,  at  the  same  site, 
the  shore  may  be  a  hundred  or  more  meters  across. 
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Inundation  drowns  many  shore  species  every  year.  The 
presence  of  these  species  the  following  year  requires  re¬ 
establishment  by  germination,  or  by  vegetative  propagation 
from  nearby  populations.  Annual  species  can  reestablish  only 
by  germination.  Shore  species  are  unequally  tolerant  to  in¬ 
undation  and  the  composition  of  the  shore  community  is  in¬ 
fluenced  to  some  extent  by  this  factor.  Generalizations  are 
hard  to  come  by  owing  to  the  fact  that  patterns  of  water 
level  fluctuations  have  never  been  the  same  during  two  con¬ 
secutive  years,  so  what  may  be  a  suitable  explanation  for  the 
success  or  failure  of  shore  species  one  year  may  not  hold  for 
another  year.  Cattle  grazing  also  influences  shore  vegeta¬ 
tion,  and  this  factor  is  discussed  in  detail  below. 

Shore  vegetation  development  is  apparent  only  during 
years  between  "unusually"  high  water.  It  is  during  this  time 
that  the  development  may  be  considered  directional  and  there¬ 
fore  successional .  High  water  sets  back  vegetation  to  an 
early  developmental  stage  or  to  the  barren  shore .  The  un¬ 
known  stage  in  the  succession  is  the  climax,  because  time 
lapses  between  years  of  "unusually"  high  water  level  are  in¬ 
sufficient  for  a  climax  community  to  develop.  On  the  other 
hand  the  mosaic  of  communities  that  are  present  and  existing 
in  response  to  the  fluctuating  water  levels  might  themselves 
be  considered  climax  of  a  sort.  Without  becoming  bogged  down 
with  ecologic  terminology,  the  vegetation  changes  that  occur¬ 
red  are  described;  and  generalities  are  given  where  warranted. 
Alternative  interpretations  can  be  made  from  the  data  pro¬ 
vided  in  Tables  A  and  B  in  the  Appendix. 
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The  first  year  after  "unusually"  high  water  some  species 
become  very  conspicuous.  Some  of  these  in  turn  decrease 
noticeably  in  abundance  after  that  first  year.  As  shown  in 
Table  4,  several  species  declined  in  coverage  during  the 
period  1972-1974.  In  1975  the  water  level  was  again  very 
high  (Fig.  3).  In  1976  these  same  species  again  were  abun¬ 
dant  and  decreased  somewhat  j.n  1977.  The  timing  of  water 
level  fluctuation  is  apparently  important.  The  increased 
water  levels  during  the  early  spring  of  1971  possibly  re¬ 
tarded  or  prevented  much  vegetation  development.  In  1972  the 
maximum  water  level  in  Lake  Oahe  was  less  than  1  m  lower  than 
that  of  1971,  yet  there  was  considerably  more  shore  vegeta¬ 
tion.  The  delayed  rise  in  water  level  during  1972  may  have 
benefitted  the  shore  vegetation  development. 

In  Table  4  I  have  tabulated  coverage  values  for  1972- 
1977  for  the  same  12  species  listed  in  Table  3.  The  patterns 
of  increasing  or  decreasing  coverages  are  not  the  same  for 
all  12  species.  In  Lake  Oahe  water  level  was  high  during 
both  1971  and  1972  (Fig.  3).  In  1972,  possibly  related  to 
the  delayed  rise  in  water,  as  discussed  above,  Rum ex  crispus 
was  very  abundant  on  the  shore.  In  the  late  summer  of  1971 
seedlings  of  this  species  were  abundant  over  much  of  the 
shore  after  the  water  had  receded.  The  plants  were  well- 
established  before  high  water  of  the  following  summer.  As 
shown  in  Table  4  the  large  coverage  of  1972  was  followed  by 
decreasing  coverages  in  1973  and  1974  when  water  levels 
peaked  almost  2  m  below  the  1972  level.  In  1975  the  water 
level  reached  an  all-time  high  (Fig.  3)  and  many  shore  species 


Table  4.  Coverage  values  of  12  species  important  in  zone  two 
Lake  Oahe. 


Coverages , 

in  Percent 

Species 

1972 

1973  1974 

1975  1 

smithii 


Hordeum  iubatum 


Kochia  scoparia 


Rumex  crisous 


Lactuca  serriola 


Chenopodium  album 


Polygonum  ramosissimum 


He li an thus  annuus 


Populus  deltoides 


Salix  spp . a  C 

Polygonum  lapathifolium 


Potentilla  norvegica 


^hese  include  exigua,  S .  amygdaloides ,  and  rigida 
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were  drowned.  Rumex  crispus  was  drastically  reduced;  but  in 
1976,  when  peak  water  level  was  lower  again,  R^  crispus  was 
very  abundant.  In  1977  it  shows  a  drop  in  coverage.  The 
pattern  is  reasonably  clear  for  R^  crispus .  Other  species, 
though  less  abundant  than  R^  crispus ,  responded  in  much  the 
same  way.  Polygonum  lapathif olium,  Helianthus  annuus  and 
Potentilla  norvegica  are  three  examples  listed  in  Table  4. 

In  an  ecological  context  these  species  are  pioneers,  the 
first  to  dominate  the  bare  shore  after  inundation  has  drowned 
much  of  the  vegetation. 

At  the  same  time  that  the  above  species,  plus  numerous 
others  listed  in  Table  B,  Appendix,  decline  in  abundance 
other  species  become  more  abundant.  This  latter  group  dom¬ 
inate  the  shore  vegetation  2  to  3  years  after  the  year  of 
high  water.  Conspicuous  members  of  this  group  listed  in 
Table  4  include  Hordeum  jubatum,  Kochia  scoparia  and  Lactuca 
serriola.  They  were  most  abundant  in  1974,  three  years  fol¬ 
lowing  the  high  water  in  1971.  The  high  water  in  1975 
drastically  reduced  their  abundance,  and  they  show  another 
period  of  recovery  during  1976-1977  (Table  4). 

Another  group  of  species  exhibits  dynamics  less  distinctly 
related  to  water  levels.  Among  this  group  are  Agropvron 
smithii ,  Polygonum  ramosissimum ,  Populus  deltoides ,  Salix  spp . 
and  Chenopodium  album.  Most  species  of  this  group  are  oppor¬ 
tunistic  in  ways' that  relate  to  water  levels  less  directly. 
Along  with  R^  crispus ,  Agropyron  smithii  is  the  most  common 
species  along  the  shore  of  Lake  Oahe .  It  establishes  both  by 
germination  and  by  vegetative  propagation.  Its  abundance  in 


the  steppe  above  the  shore  provides  a  source  of  plants  for 
the  shore  habitats.  In  places  it  spreads  by  rhizomes  to 
form  sizeable  clones  on  the  shore.  The  plant  also  tolerates 
considerable  inundation;  in  fact  it  elongates  its  culms  to 
accomodate  rising  water  level  and  produces  leaves  at  the 
surface  of  the  water.  While  useful  to  the  plant  in  surviving 
periods  of  high  water,  this  characteristic  has  limitations 
to  both  depth  and  duration  of  high  water.  As  shown  in  Table 
4,  the  coverage  values  of  A_^  smithii  are  not  related  to  pat¬ 
terns  of  water  level  fluctuations.  This  is  due  in  part  to 
j.ts  abundance  above  the  shore  and  the  capacity  to  spread 
vegetatively  onto  the  shore  when  few  other  species  are  abun¬ 
dant  there.  Its  coverage  in  1975,  the  highest  water-level 
year,  was  16%  (Table  3)  when  the  average  cover  of  the  second 
important  species  was  less  than  4%.  Like  R_^  crispus ,  Agropyro 
smithii  is  abundant  on  all  the  soil  types  (textural  classes) 
that  occur  around  Lake  Oahe . 

Populus  deltoides  and  Salix  spp .  are  relatively  impor¬ 
tant  species  along  the  shore,  but  they  are  often  killed  by 
high  water.  These  trees  germinate  during  a  brief  period 
shortly  after  their  seeds  reach  moist  mineral  soil.  This 
peculiarity  gives  rise  to  rows  of  tree  seedlings  parallel  to 
the  shoreline,  the  position  of  the  rows  indicating  the  loca¬ 
tion  of  moist  soil  when  fresh  disseminules  landed  and  germin¬ 
ated.  These  tree  species  are  most  successful  on  loam  or  sandy 
loam  substrates  (Vanderveen  and  Hoffman  1973). 


Chenopodi^  m  album  is  an  annual  weed.  In  some  years, 
like  1977,  it  is  very  abundant.  It  is  most  successful  on 
loam  substrates  (Vanderveen  and  Hoffman  1973).  In  many  an¬ 
nuals  seed  production  varies  from  year  to  year  and  this  ac¬ 
counts,  in  part,  for  the  variable  coverages  listed  for  the 
species  (Table  4). 

Vegetation  Classification.  - Descriptions  of  vegeta¬ 

tion  classification  are  available  for  the  interested  reader 
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(Whittaker  1962,  Daubenmire  1968).  I  will  present  only  a 
brief  description  of  major  points  that  seem  to  me  relevant 
to  the  vegetation  of  the  present  study.  The  usefulness  of 
classifying  vegetation  is  apparent  to  those  working  in  either, 
or  both,  theoretical  and  basic  ecology  and  practical  and  ap¬ 
plied  ecology.  The  need  to  classify  vegetation  is  much  the 
same  as  the  need  to  classify  plants,  or  animals,  or  to  organ¬ 
ize  soils  and  geologic  substrates  into  a  usable,  and  hopefully 
natural,  scheme.  The  classification  is  of  primary  value  in 
allowing  further  analysis  of  the  vegetation  within  the  frame¬ 
work  of  the  scheme . 

Vegetation  of  the  38  study  sites  on  Lake  Oahe  show  both 
similarities  and  differences.  Grouping  them  on  the  basis  of 
similarities  is  complicated  primarily  by  deciding  to  what 
level  of  similarity  is  required;  and  in  the  end  this  can  only 
be  decided  by  the  investigator.  No  two  sites  are  identical, 
any  more  than  are  two  individuals  within  a  species.  Obviously, 
there  must  be  some  similarities  among  the  sites  to  allow  re¬ 
cognition  of  the  vegetation  dynamics,  discussed  above.  This 
level  of  similarity  may  in  the  end  be  sufficient  for  our  needs 


Initially,  we  hypothecated  greater  similarity  among 
sites  having  greatest  soil  texture  similarities,  particularly 
in  view  of  the  presence  of  heavy  clay  soils  derived  from 
Pierre  Shale,  and  the  very  light  sandy  soils  derived  from  the 
Fox  Hills  Sandstone,  and  even  the  intermediate  loamy  soils 
derived  from  glacial  till  and  loess.  Some  species  did  show 
differences  in  coverages  when  segregated  according  to  soil 
textural  classes.  Using  the  same  12  species  of  Tables  3  and 
4,  I  have  listed  in  Table  5  their  1972  coverage  values  ac¬ 
cording  to  soil  textures.  It  is  clear  from  the  data  in 
Table  5  that  Agropyron  smithii  is  about  equally  abundant  on 
clays,  silt  loams,  and  loams,  though  it  is  somewhat  less 
abundant  on  sandy  loams.  Hordeum  ,-jubatum  is  most  abundant 
on  silt  loams,  but  is  also  abundant  on  loams.  Rumex  crispus , 
the  third  dominant  species  of  the  shore  is  abundant  on  all 
soil  textural  types,  but  is  somewhat  more  abundant  on  loams. 
No  species  was  clearly  most  abundant  on  clay  substrates, 
though  Lactuca  serriola  was  slightly  more  abundant  on  clay 
than  on  sandy  loam.  This  peculiar  distribution  would  itself 
be  worthy  of  further  investigation.  Only  Potentilla 
norvegica  was  most  abundant  on  sandy  loam.  The  remaining 
species  listed  in  Table  5  are  clearly,  or  somewhat,  more 
abundant  on  loam  and  silt  loam  soils.  What  the  data,  and 
others  not  shown  in  Table  5,  indicate  is  that  species  vary 
considerably  with  regard  to  their  soil  preferences.  Emphasis 
on  soil  texture  as  a  sole  factor  influencing  species  distri¬ 
butions  is  an  oversimplification  of  the  real  situation, 
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particularly  in  view  of  the  fluctuating  water  levels  each 
year  and  the  differences  in  nutrient  status  of  the  substrates 
(discussed  more  below). 

Objective  groupings  of  sites  based  on  vegetation  simi- 
larities  are  portrayed  in  Figs.  4  and  5.  Fig.  4  is  a  dendro¬ 
gram  showing  site  groupings  using  the  weighted  pair  group 
technique,  described  above.  While  there  is  a  general  ten¬ 
dency  to  group  sites  having  similar  soil  textures,  there  are 
some  significant  exceptions.  The  greatest  similarity  shown 
in  Fig.  4  is  between  sites  6  and  14,  a  sandy  clay  loam  and  a 
silt  loam  respectively.  To  these  is  added  site  4,  a  clay 
loam.  All  three  are  loams  of  some  kind.  Sites  15  and  27  are 
similar,  and  grouped  together;  and  site  15  is  a  loam  and  27 
is  a  clay.  Site  7,  a  silt  loam,  is  then  added  to  15  and  27; 
and  all  three  are  then  grouped  with  2  and  23,  a  sandy  clay 
loam  and  a  sandy  loam  respectively  that  were  grouped  earlier. 
Continued  inspection  of  the  results  of  the  objective  class¬ 
ification  will  show  that  vegetational  similarities  are  not 
necessarily  correlated  positively  with  substrate  textures. 

The  agglomerative  method  of  grouping  the  sites,  using  Euclid¬ 
ean  distances  of  a  normalized  data  matrix,  and  shown  in  Fig. 

5,  produced  a  somewhat  better  fit  in  terms  of  soil  textures. 
None-the-less  this  technique  is  a  bit  less  than  perfect  as 
well  and  the  final  judgment  regarding  the  classification  of 
the  sites  must  rest  with  the  investigator. 

A  final  point  is  to  be  made  regarding  classification  of 
shore  vegetation.  All  sites  are  in  an  early  successional 
stage.  Even  though  chance  plays  an  important  role  in  the 
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composition  of  communities  the  first  year  following  high  water, 
and  many  of  the  first  year  species  survive  to  the  second  and 
third  years,  the  vegetation  composition  is  still  sufficiently 
distinct,  especially  among  the  dominants,  that  a  simple  sub¬ 
jective  grouping  satisfies  the  initial  needs  of  the-  present 
study.  The  objective  computer  generated  groupings  (Fig.  4  and 
5)  can  be  useful  in  refining  the  subjective  classification. 

In  summary,  the  following  types  of  vegetation  occur  along 
the  shore  of  Lake  Oahe : 


DOMINANTS: 

Agropyron  smi thii 
Hordeum  .jubatum 
Rumex  crispus 


Agropyron  smithii 
Bromus  japonicus 
Hordeum  jubatum 


Kochia  scoparia 
Hordeum  jubatum 
Agropyron  smithii 


SECONDARY  SPECIES: 

Panicum  capillare 
Bromus  japonicus 
Lactuca  serriola 
Rumex  salicifolius 
R.  maritimus 
Helianthus  annuus 
Conyza  canadensis 
Salix  spp . 

Populus  del to ides 
Chenopodium  album 
Polygonum  lapathif olium 


Poa  pratensis 
Lactuca  serriola 
Melilotus  spp . 
Convolvulus  arvense 
Sonchus  arvensis 


These  three  community  types  are  distinguishable  for  three 
years  following  high  water  on  the  shore.  For  reasons  stated 
above,  there  is  considerable  variation  from  site  to  site,  and 
in  places  one  or  more  of  the  dominants  or  the  secondary 
species  may  be  lacking  from  the  community.  In  other  places 
species  listed  above  as  secondary  are  dominants. 
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Edaphic  Characteristics  of  the  Substrates. - Results  of 

the  soils  tests  are  presented  in  Table  6.  As  indicated  above, 
several  textural  classes  were  present,  ranging  from  clays  to 
sandy  loams.  Most  substrates  are  slightly  alkaline,  have 
considerable  Ca,  Mg  and  K  contents,  and  highly  variable 
amounts  of  organic  matter  and  total  N.  Many  of  the  substrates 
are  raw  parent  material  and  have  been  but  slightly  altered  by 
the  soil-forming  processes.  We  did  not  run  tests  on  levels 
of  micronutrients.  Electrical  conductivities  of  soil  ex¬ 
tracts  indicated  no  salinity  (sodium)  problems.  None  of  the 
pH  values  were  high  enough  to  indicate  an  alkali  problem. 

In  the  field  we  tested  soil  moisture  status  of  several 
substrates  throughout  the  growing  seasons  of  1973  and  1974. 
Soil  moisture  was  not  limiting  at  any  of  the  locations  during 
the  times  of  our  measurements . 


Lake  Sakakawea  Vegetation 

Description  and  Successional  Trends. - Around  Lake 

Sakakawea  three  zones  of  vegetation  are  evident.  Zone  one  is 
the  upland  steppe  vegetation  that  has  never  been  inundated, 
but  areas  of  which  have  been  grazed  or  cultivated.  Zone  two 
is  the  upper  part  of  the  shore  that  is  inundated  occasionally. 
The  high  water  in  1969  set  the  upper  limit  of  zone  two  which 
remained  until  1975  when  the  record  high  water  level  occurred 
(Fig.  6).  Zone  three  vegetation  is  a  distinct  fringe  of  veg¬ 
etation  close  to  the  edge  of  the  water  that  is  inundated 
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Fig.  6.  Water  level  fluctuation  curves  for  Lake  Sakakawea, 
1969-1977. 


nearly  every  year.  Zone  two  exhibited  succession  from  1971, 
the  first  year  of  this  study,  through  1974,  the  year  before  the 
all-time  high  water.  Following  the  1975  water  level,  zone  two 
was  much  expanded  and  many  species  were  eliminated.  What 
succession  had  occurred  was  set  back  to  an  early  stage  of 
development . 

Zone  one  vegetation,  the  upland  steppe,  was  once  domin¬ 
ated  by  Agropyron  smithii  and  Stipa  viridula  with  a  rich  mix- 
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ture  of  forbs,  shrubs  and  graminoids .  In  the  low^r  parts  of 
the  landscape,  or  where  moisture  is  otherwise  more  favorable, 
woody  vegetation  predominates.  Around  Lake  Sakakawea  much  of 
the  uplands  have  been  distinctly  altered  by  grazing  and  cul¬ 
tivation.  During  this  study  we  encountered  142  species  of 
plants  in  sample  plots  in  zone  one  (Table  C,  Appendix). 
Throughout  the  vegetation  matrix  low-growing  shrubs  like 
Symphoricarpos  occidentalis ,  Rosa  woods ii  and  R.  arkansana, 
are  locally  abundant  and  in  places  can  form  quite  extensive 
pure  stands.  Agropyron  smithii  is  ubiquitous  and  also  locally 
abundant  over  much  of  the  western  Dakotas.  Close  to  the  shore 
where  water  balance  is  more  favorable,  it  often  forms  pure 
stands,  apparently  out-competing  numerous  associates  (Weaver 
1942).  Where  grazing  has  been  evident  for  an  extended  period, 
Poa  pratensis,  Agropyron  cristatum,  Agropyron  repens  and 
Lactuca  oblongifolia  are  more  abundant  (Table  7). 

As  in  the  case  of  Lake  Oahe  the  study  at  Lake  Sakakawea 


centered  mainly  on  the  shore  vegetation,  referred  to  above  as 
zones  two  and  three  vegetation.  From  1971  to  1974  zone  two 


Table  7.  Eleven  constant-dominant  species  from  each  of  the  three 
vegetation  zones  around  Lake  Sakakawea.  Values  given  are  average 
coverage  (COV)  and  constancy  (CON)  for  the  years  1971-1976. 


vegetation  extended  from  the  high  water  mark  set  in  1969  at 
564.2  m  down  about  1.5  -  2.0  m,  depending  somewhat  on  inun¬ 
dation  tolerances  of  species  along  the  lower  part  of  the  zone. 
The  actual  width  of  the  zone  depends  on  the  slope  of  the  shore 
which  differs  at  different  locations  around  the  lake.  Dom¬ 
inant  species  of  zone  two  are  Agropyron  smithii  and  Hordeum 
.jubatum  with  Rum  ex  crispus .  Poa  pratensis  and  Agropyron  repens 


next  on  the  list  (Table  7).  Polygonum  lapathifolium  is  rela¬ 
tively  widespread  among  the  study  sites  (39%  constancy)  but 
it  has  only  3.4%  coverage  in  the  zone.  Hordeum  ,j abatum  was 
by  far  the  most  widespread  species  in  the  zone  with  a  con¬ 
stancy  of  77%.  Other  constant-dominant s  of  zone  two  are 
listed  in  Table  7.  A  complete  list  of  the  134  species  en¬ 
countered  in  zone  two  is  given  in  Table  D,  Appendix.  Zone 
two  is  a  rich  mixture  of  species,  most  of  which  are  opportu¬ 
nistic  in  establishing  over  a  wide  area  of  the  shore  at  the 
time  the  water  level  is  low.  The  lower  edge  of  zone  two  veg- 
eta4 ion  is  marked  by  a  sharp  ecotone  with  zone  three  which  is 
dominated  by  Polygonum  lapathifolium.  The  lower  portion  of 
zone  two  is  inundated  almost  yearly.  Vegetation  succession 
in  zone  two  apparently  responds  to  water  level  fluctuations . 
Following  the  high  water  of  1969,  results  of  sampling  should 
indicate  whatever  success ional  trends  were  obvious  in  zone  two 
until  1975  when  high  water  again  eliminated  most  of  the  vege¬ 
tation.  Coverages  of  the  11  most  important^  species  of  zone 
two  for  the  years  1971-1976  are  given  in  Table  8.  Hordeum 
jubatum,  Agropyron  smithii,  Poa  pratensis  and  Puccinellia 


nuttal liana  all  increased  significantly  from  1971  to  1972, 
then  decreased  from  1972  to  1973.  From  1973  to  1974  H. 


,j ubatum  and  A.  smithii  decreased  and  remained  nearly  the  same 
respectively,  while  P.  pratensis  and  P.  nuttalliana  both  in¬ 
creased  significantly. 

Agropyron  repens  and  Poa  palustris  both  increased  from 
1971  to  1972,  then  increased  and  remained  about  the  same,  re¬ 
spectively,  from  1972  to  1973;  and  both  decreased  from  1973 
to  1974.  Polygonum  lapathi folium  showed  a  similar  pattern 
from  1971  to  1974.  Phalaris  arundinacea  and  Rum ex  crispus 
both  increased  from  1971  to  1972  and  both  decreased  from  1972 
to  1973  ( Phalaris  only  slightly) ;  then  both  increased  again 
from  1973  to  1974. 

The  only  species  in  Table  8  that  increased  in  coverage 
each  year  from  1971  to  1974  was  Cirsium  arvense.  The  only 
species  that  decreased  from  1971  to  1972  was  Agropyron 
cristatum,  which  then  increased  from  1972  to  1973  and  de¬ 
creased  from  1973  to  1974. 

In  1975  the  all-time  high  water  level  in  Lake  Sakakawea 
drowned  many  plants  of  zone  two  (Table  8);  but  in  1976  both 
Rum  ex  crispus  and  Hordeum  j  abatum  showed  a  considerable  in¬ 
crease  in  coverage . 

These  various  trends  in  coverage  from  1971  to  1974  are 
not  simple  to  explain.  One  difficulty  lies  in  the  unknown 
autecologic  requirements  of  most  species  of  this  vegetation. 
Another  is  the  lack  of  consistent  patterns  of  water  level 
fluctuations  during  the  years  of  the  study.  Following  1969, 


the  peak  water  levels  in  Lake  Sakakawea  were  very  close  from 
one  year  to  the  next,  until  1975.  The  major  differences  in 
the  fluctuations  were  in  the  patterns  of  spring  rise  and  late 
summer  to  early  fall  recession  (Fig.  6).  We  have  observed 
literally  thousands  of  Rumex  crispus  seedlings  established  on 
the  bare  moist  shore  during  the  late  summer  when  water  is  re¬ 
ceding.  Cooler  and  cooler  temperatures  during  the  fall  re¬ 
tard,  then  finally  stop,  the  germination  and  establishment  of 
Rumex,  though  the  water  level  continues  to  recede  usually 
reaching  its  low  point  during  February  or  March  of  the  follow¬ 
ing  year.  The  Rumex  overwinter  as  rosettes  until  the  next 
summer  when  the  plants  flower.  Just  as  around  Lake  Oahe , 

Rumex  is  most  abundant  around  Lake  Sakakawea  during  the  summer 
following  high  water  (see  Table  8  and  Fig.  6).  There  is  a 
positive  correlation  between  the  timing  of  water  level  reces¬ 
sion  and  the  coverage  of  Rumex  crispus  the  following  summer. 
More  dense  and  extensive  stands  dominated  by  Rumex  crispus  are 
established  during  those  years  when  water  level  recedes  some¬ 
what  earlier  following  its  peak  in  middle  to  late  July. 

Certain  it  is  that  only  a  few  years  of  data  were  obtained, 
but  the  hypothecated  relationship  holds .  Coverage  of  Rumex 
crispus  was  3.8%,  7.5%  and  2.8%  in  1971,  1972  and  1973  re¬ 
spectively.  Water  level  receded  earlier  in  1971  allowing  more 
Rumex  to  extablish  which  was  reflected  by  the  7.5$  coverage  in 
1972.  In  1972  water 'level  receded  more  slowly  (Fig.  6),  which 
retarded  somewhat  the  establishment  of  Rumex  and  its  1973 
coverage  was  only  2.8%.  Water  level  receded  earlier  again  in 
1973  and  the  abundance  of  Rumex  was  up  to  4.3%  in  1974. 
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Following  the  all  time  high  water  level  in  1975,  Rumex  cover¬ 
age  was  12%  in  1976.  This  was  unusually  high  coverage,  and 
even  though  water  level  dropped  rapidly  in  1976  the  coverage 
of  Rumex  in  1977  was  down  to  4.3^5  in  zone  two.  Both  Poa 
pratensis  and  Pucinellia  nut  t  alii  etna  follow  similar  coverage 
trends  as  Rumex  crispus .  The  major  difference  is  that  the  two 
grasses  exhibited  much  greater  differences  between  years  of 
low  and  high  coverage.  Both  grasses  are  perennials,  and 
during  years  following  more  rapid  water  level  recession  they 
too  reinitiate  growth  in  the  fall  before  cold  temperatures 
slow  and  finally  stop  their  growth. 

It  is  tempting,  hut  too  speculative,  to  implicate  patterns 
of  the  spring  rise  in  water  .evels  to  the  changing  coverages 
of  certain  plant  species.  At  present  we  can  record  the  changes 
in  species  coverages,  but  we  are  unable  to  account  for  all  the 
changes.  It  is  entirely  possible  that  the  four  year  period, 
1971-1974,  followed  too  closely  the  high  water  year  of  1969  to 
show  very  many  clear  trends  in  vegetation  development .  As  in¬ 
dicated  above  we  also  know  so  little  about  the  autecologic 
requirements  of  most  of  the  species  that  predictability  of 
vegetation  development  is  severely  limited  on  that  regard 
alone.  One  event  did  have  predictable  results.  The  high 
level  in  1975  set  back  most  of  the  vegetation  development  along 
the  shore.  The  years  1976  and  1977  were  ones  of  early  recovery 
from  the  high  water. 

Zone  three  vegetation  is  that  nearest  the  water  and  is 
inundated  almost  yearly.  The  zone  ordinarily  occupies  the 
elevational  range  560.0  -  563.4  m,  though  the  actual  range 


varies  depending  upon  water  level  fluctuation  through  the 
growing  season.  Many  of  the  constant-dominants  of  zone  three 

are  shared  with  zone  two  (Table  7),  and  three  species - 

Agropyron  smithii,  Agropyron  repens  and  Hordeum  .jubatum - 

are  shared  with  both  zones  one  and  two.  Four  species— 
Alopecurus  aequalis ,  Beckmannia  syzigachne ,  Polygonum 

ramosissimum  and  Typha  latifolia - occur  as  dominants  only  in 

zone  thfee.  The  major  dominant  of  zone  three  is  Polygonum 

I 

lapathifoliumt  While  it  also  occurs  in  zone  two,  its  cover¬ 
age  and  constancy  in  zone  three  are  the  key  to  recognizing  the 
zone.  Polygonum  establishes  on  the  shore  during  the  spring 
below  the  edge  of  the  Rumex-dominat ed  zone  two,  before  the 
water  level  is  sufficiently  high  to  inundate  the  zone .  Like 
most  of  the  regularly  occurring  species  of  zone  three, 
Polygonum  lapathif olium  is  relatively  tolerant  of  inundation. 
Of  the  107  species  encountered  in  this  zone  only  25  occurred 
during  four  of  the  six  years  shown  in  Table  E,  Appendix. 

Most  species  of  the  zone  are  eliminated  by  inundation,  become 
reestablished  the  following  year  only  to  be  drowned  again; 
and  the  cycle  is  repeated.  Also,  because  the  vegetation  is 
just  at  the  edge  of  the  water,  and  the  timing  and  magnitude 
of  water  fluctuation  varies  from  year  to  year,  the  species 
could  possibly  be  inundated  about  the  time  of  sampling.  This 
is  a  rather  remote  possibility  owing  to  the  fact  that  38 
sites  are  sampled  yearly  and  a  species  need  be  sampled  at 
just  one  site  to  be  included  for  that  year  in  Table  E.  • 
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In  addition  to  Polygonum  lapathifolium,  Phalaris 
arundinacea  and  Rumex  crispus  both  have  average  coverages 
of  nearly  5%  (Table  7).  Though  it  has  only  2.5%  coverage, 
Hordeum  jabatum  had  a  constancy  of  48%.  Puccinellia 
nuttal liana  had  an  average  coverage  of  2.0%  and  a  constancy 
of  37%.  The  remaining  seven  species  listed  in  Table  7  for 
zone  three  have  coverages  and  constancies  that  seem  low  until 
compared  with  the  remainder  of  zone  three  species.  Seven  of 
the  eleven  dominants  of  zone  three  are  also  present  in  zones 
two  and/or  one.  The  boundary,  however,  between  zones  two  and 
three  is  quite  distinct,  can  be  observed  from  considerable 
distance, and  any  manipulation  of  the  vegetation  data  to  ob¬ 
scure  the  ecotone  would  do  an  injustice  to  a  basic  sensory 
perception.  Additionally,  the  ecotone  between  zones  two  and 
three  represents  a  point  along  the  gradual  environmental 
gradient  that  is  of  singular  ecological  significance.  It 
represents  that  point  where  cool  temperatures  during  the  fall 
when  water  is  receding  retard,  then  halt,  germination  and 
establishment  of  zone  two  species.  Below  this  point,  zone 
three  species  become  established  in  the  spring  before  the 
water  has  reached  that  level.  Certain  it  is  that  some  zone 
three  species  do  become  established  during  the  late  summer  and 
early  fall  particularly  during  those  years  when  water  recedes 
early;  the  dominants  Rumex  crispus  and  Polygonum  lapathifolium 


follow  the  pattern  described  above  more  faithfully  than  most 
of  the  other  species. 


Phalaris  arundinacea  is  a  large,  vigorous  grass  that 
appears  reasonably  well-suited  to  the  shore  environment.  It 
is  important  at  a  number  of  sites  on  Lake  Sakakawea.  Once 
established,  it  persists  and  also  spreads.  Though  its  aver¬ 
age  constancy  was  29%  and  its  coverage  5.7%  during  the  years 
1971-1976,  it  is  instructional  to  examine  the  dynamics  of  the 
species  at  a  site  where  it  is  dominant.  At  Sanish  Bay  the 
plant  spread  from  a  relatively  few  tussocks  to  an  almost  con¬ 
tinuous  fringe  along  the  lower  shore.  Its  coverage  went  from 
a  meager  12%  in  1971  to  42%  in  1972,  62%  in  1973,  75%  in  1974, 
down  to  11%  in  1975,  the  year  of  high  water,  and  back  up  to 
38%  in  1976,  then  down  somewhat,  to  23%  in  1977.  Where  this 
species  was  seeded  at  other  sites,  it  has  succeeded  remarkably 
well  even  to  the  stage  of  spreading  over  a  larger  territory. 

Trends  in  zone  three  vegetation  are  discernible,  and 
cause  and  effect  of  the  trends  is  determined  mainly  by  de¬ 
duction.  The  total  coverage  of  the  eleven  important  species 
in  Table  9  shows  the  following  trends: 


TOTAL  COVERAGE 

YEAR 

21.2 

% 

1971 

51.1 

% 

1972 

29.7 

% 

1973 

41.4 

% 

1974 

11.0 

% 

1975 

54.9 

% 

1976 

Except  for  1976,  the  total  coverage  values  relate  closely  to 
the  timing  of  water  level  recession  in  the  late  summer  and 
early  fall  of  the  previous  years.  For  example,  if  water  level 


recedes  relatively  early  in  one  year,  the  total  coverage  of 
zone  three  increases  the  following  year.  If  water  levels 
recede  somewhat  later  during  the  late  summer/early  fall  of 
one  year,  then  the  total  coverage  of  zone  three  decreases 
the  following  year.  The  correlation  between  total  coverage 
and  time  of  water  level  recession  the  previous  year  breaks 
down  completely  for  1975-76.  The  water  level  reached  an  all- 
time  high  in  1975,  and  receded  rather  slowly  at  the  end  of 
the  season;  yet  the  total  coverage  in  zone  three  had  its 
highest  value  in  1976.  The  explanation  I  suggest  for  this  is 
based  mainly  on  the  success  of  Polygonum  lapathifolium  in 
1976  with  its  coverage  of  41%  (Table  9).  The  high  water  in 
1975  drowned  most  of  both  zone  two  and  zone  three  vegetation 
to  such  a  degree  that  recovery  of  even  Rumex  crispus  was 
limited  (Table  9),  especially  during  the  fall  of  1975.  The 
more  water-tolerant  Polygonum  lapathifolium  was  less  deci¬ 
mated  by  the  high  water  of  1975,  and  the  lack  of  strong 
competition  with  Rumex  crispus  during  the  spring  of  1976 
permitted  considerable  expansion  of  zone  three  vegetation, 
especially  that  of  Polygonum  lapathifolium.  This  explanation 
is  offered  less  as  a  hypothesis,  since  there  is  no  practical 
way  of  testing  it,  than  it  is  as  suggestion  based  on  some 
knowledge  of  the  autecologies  of  the  species  involved. 

Individual  species  of  zone  three  exhibit  somewhat  inde¬ 


pendent  changes  in  coverage  from  year  to  year  (Table  9), 
responding  in  their  own  ways  more  to  the  physical  factors  of 
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Table  9.  Coverage  values  of  11  species  important  in  zone  three, 
Lake  Sakakawea. 


Species 

1971 

Coverages,  in  Percent 

1972  1973  1974  1975 

1976 

Polygonum  lapathifolium 

11 

15 

12 

16 

41 

Rumex  crispus 

3.8 

7.5 

2.8 

7.6 

2.3 

4.4 

Phalaris  arundinacea 

1.7 

6.5 

7.8 

6.1 

7.5 

4.7 

Hordeum  .jubatum 

1.8 

3.8 

1.6 

3.3 

2.1 

Puccinellia  nuttalliana 

0.4 

4.6 

1.1 

1.8 

Alopecurus  aequalis 

6.7 

0.2 

0.1 

0.2 

Agropyron  repens 

1.1 

2.0 

1.9 

2.7 

1.3 

Beckmannia  syzigachne 

0.1 

2.1 

1.2 

1.2 

0.4 

Typha  latifolia 

0.1 

0.5 

0.6 

2.1 

1.2 

Polygonum  ramosissimum 

0.9 

1.1 

0.2 

0.2 

0.8 

Agropyron  smithii 

0.3 

1.3 

0.3 

0.3 

+a 

a 

+  *  less  than  0.1%  coverage. 
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the  environment  than  to  any  competitive  adjustments  among 
species  populations.  (Cattle  grazing  as  a  factor  is  discussed 
below.)  Polygonum  lapathifolium,  Rumex  crispus ,  Hordeum 
,j ubatum  and  Agropyron  repens  all  followed  trends  in  coverages 
much  the  same  as  that  of  the  total  vegetation  of  the  zone. 
Beckmannia  syzigachne ,  Agropyron  smithii,  Puccinellia 
nuttalliana,  Alopecurus  aequalis  and  Polygonum  ramosissimum 
all  increased  from  1971  to  1972  and  decreased  from  1972  to 
1973.  While  Puccinellia  increased  from  1973  to  1974, 

Polygonum  ramosissimum,  Beckmannia  syzigachne  and  Agropyron 
smithii  remained  the  same;  and  Alopecurus  aequalis  decreased. 
All  five  species  were  absent  from  sample  plots  in  1975,  then 
either  remained  absent  in  1976  or  recovered  in  small  amounts. 

The  remaining  two  species  of  the  zone - Phalaris  arundinacea 

and  Typha  latifolia - both  increased  from  1971  through  1973, 

then  Phalaris  decreased  and  Typha  increased  in  1974.  Neither 
species  was  absent  in  1975,  in  fact  Phalaris  was  relatively 
abundant,  then  decreased  in  1976  (Table  9).  Typha  was 
absent  from  any  sample  plots  in  zone  three  in  1976,  but  it 
did  survive  the  1975  inundation  in  locations  where  it  occurred 
before  1975. 

Because  the  water  level  in  Lake  Sakakawea  was  very  low 
in  1977,  zones  two  and  three  were  extensive.  In  some  places 
species  diversity  was  high  in  both  zones.  Additionally, 
Melilotus  alba  and  M.  officinalis  were  abundant  1977,  something 
unrelated  to  the  water  level  as  these  clovers  are  sporadically 
abundant  throughout  the  study  region.  The  broad  zones  around 
the  lake  allowed  better  expression  of  both  zones  and  also 


considerable  intermingling  of  species  of  both  zones.  The 
dominant  of  zone  two  the  first  year  after  high  water  is  ordin¬ 
arily  Rumex  crispus  which  is  replaced  by  the  second  year  by 
Hordeum  ,j ubatum  as  the  dominant  species.  Zone  three  is  ordin¬ 
arily  dominated  by  Polygonum  lapathifolium  each  year.  In  1977 
two  years  after  the  high  water  year  of  1975,  Polygonum 
lapathifolium  did  indeed  dominate  zone  three  and  Hordeum 
jubatum  was  dominant  over  most  of  zone  two.  Interestingly, 
Rumex  crispus  was  more  abundant  in  zone  three  than  in  zone  1 
two.  The  very  low  water  level  in  1977  provided  a  broad  inter¬ 
mediate  zone  somewhat  similar  to  zone  three  as  well  as  to 
zone  two;  this  is  where  Rumex  crispus  was  most  abundant. 

In  zone  three  Rumex  crispus  is  dominant  or  codominant  on 
11  sites,  and  Polygonum  lapathifolium  is  dominant  or  codomin¬ 
ant  on  23  sites.  Allowing  for  normal  variation,  only  two 
kinds  of  communities  are  distinguishable  in  zone  two  in  1977. 
One  community  is  dominated  by  Hordeum  j ubatum .  The  second 
community  is  dominated  by  Phalaris  arundinacea.  In  1977 
Agropyron  repens  along  with  Mel i lotus  spp .  were  important  in 
most  of  zone  two  sites. 

Based  only  on  1977  field  data,  the  following  plant  com¬ 


munities  were  delimited: 


Zone  Two 


Community 


Dominants 

Hordeum  .jubatum 
Melilotus  alba' 


Secondary  Species 

Poa  palustris 
Potentilla  norvegica 


Melilotus  officinalis  Cirsium  canadensis 

Agropyron  repens  Phalaris  arundinacea 


Rumex  crispus 
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1. 


Vegetation  Classification. - Lake  Sakakawea  sites  were 

classified  objectively  with  the  same  techniques  used  for  Lake 
Oahe  sites.  Because  all  sites  around  Lake  Sakakawea  occur  on 
substrates  of  a  loam  texture  and  there  is  considerable  uni¬ 
formity  in  other  edaphic  factors,  there  is  little  vegetational 
distinction  among  the  sites  solely  on  the  basis  of  substrates. 
In  zone  one  sites  were  grouped  more  on  the  apparent  similar¬ 
ities  in  past  history  than  any  other  factor.  Highly  over- 
grazed  sites  were  closely  grouped,  as  were  sites  that  repre¬ 
sented  near-virgin  steppe. 

In  classifying  zone  two  and  zone  three  vegetation  the 
groupings  of  sites  changed  somewhat  each  year,  reflecting  the 
changes  in  vegetation  among  the  sites  and  certainly  the  role 
that  chance  plays  in  the  composition  of  individual  sites. 
Dendrograms  for  sites  of  zones  two  and  three  are  shown  in 
Figs.  7  and  8  based  on  data  collected  in  1973.  The  dendro¬ 
gram  for  zone  two,  Fig.  7,  shows  three  clusters  of  sites. 

The  cluster  composed  of  sites  5,  25  and  26  were  dominated  in 
1973  by  Agropyron  repens  and  Agropyron  cristatum  in  addition 
to  Rumex  c'rispus  and  Hordeum  jubatum.  The  cluster  of  sites 
6,  31,  14,  16,  10  and  19  were  dominated  in  1973  by  Agropyron 


Phalaris  arundinacea 


Melilotus  alba 
Melilotus  officinalis 
Agropyron  smithii 


Zone  Three 


Polygonum  lapathifolium  Kochia  scoparia 


Rumex  crispus 
Hordeum  jubatum 


Salsola  kali 
Rumex  maritimus 
Phalaris  arundinacea 
Potentilla  norvegica 


repens ,  Poa  palustris ,  Melilotus  spp ♦  and  Poa  pratensis  in 


addition  to  Rumex  and  Hordeum.  The  final  large  cluster  of 
sites  is  dominated  by  Hordeum  jubatum  and  Rumex  crispus  with 
minor  secondary  species  occurring  among  the  various  sites. 

Zone  three  vegetation  groupings  are  shown  in  Fig.  8;  six 
groups  of  sites  are  shown  in  the  figure.  The  variability  is 
more  apparent  than  real  among  the  sites,  because  all  species 
are  given  equal  weight  in  the  computer  program  that  generated 
the  groupings  shown.  In  assessing  the  shore  vegetation  the 
ecologist  would  hardly  give  equal  weight  to  all  species.  The 
explanation  for  the  groupings  as  shown  is  this.  Sites  1,  17, 
2,  4,  20  and  29  all  have  considerable  Phalaris  arundinacea 
along  with  Polygonum  lapathif olium  as  dominant  species .  In 
this  case  these  six  sites  should  be  recognized  as  separate, 
because  of  the  importance  of  Phalaris  as  a  dominant  shore 
species  that  has  much  potential  over  a  broader  range  of  the 
shore,  in  terms  of  both  geography  and  time.  Sites  6,  11,  24, 
28,  35,  27,  19,  25  and  26  all  have  considerable  amounts  of 
Agropyron  cristatum,  Poa  palustris  and  Beckmannia  svzigachne 
along  with  Polygonum  lapathi folium .  Sites  33  and  34  have 
these  same  species  as  dominants,  but  for  some  reason  peculiar 
to  the  computer  program  they  were  not  lumped  with  the  pre¬ 
vious  group.  Sites  7,  22,  10,  9  and  16  are  dominated  by  Poa 
pratensis  and  Hordeum  .1 abatum  in  addition  to  Polygonum 
lapathi folium.  Sites  5,  13  and  14  are  dominated  by  Kochia 
scoparia  along  with  Polygonum  lapathi folium .  Finally,  the 
remaining  sites  of  zone  three  are  dominated  by  Polygonum 
lapathif olium  with  a  few  secondary  species  that  have  much 


coverage . 


The  same  shortcomings  that  applied  to  objective  class¬ 
ification  of  Lake  Oahe  zone  two  vegetation  also  apply  to  Lake 


Sakakawea  vegetation.  The  groupings  only  reflect  the  site 
similarities  for  1973.  Manipulating  the  data  for  another 
year  results  in  somewhat  different  grouping^  since  some  of 
the  dominant  species  in  1973  are  much  less  important  at  a 
later  (or  earlier)  time.  Additionally,  the  methods  of 
objective  classification  differ  in  their  end  results  as  seen 
in  Figs.  4  and  5  for  Lake  Oahe  vegetation.  In  the  final 
analysis  the  investigator  must  determine  the  usefulness  of 
such  classifications  and  whether  they  reflect  similarities 
and/or  differences  that  are  important  ecologically. 

Edaphic  Characteristics  of  the  Substrates . - Substrates 

on  the  shore  of  Lake  Sakakawea  are  relatively  uniform  in 
texture  and  certain  chemical  properties  (Table  10).  In  general 
nitrogen  contents  are  higher  and  phosphorus  contents  are  lower 
than  in  substrates  of  Lake  Oahe .  All  the  substrates  are  loams 
ranging  from  sandy  loams  to  silty  clay  loam  at  one  site.  The 
pH  values  are  less  than  7.0  at  16  of  the  sites  and  at  only 
two  sites  is  the  pH  8.0  or  higher.  Nitrogen  and  phosphorus 
contents  are  quite  variable,  depending  upon  the  kind  of  sub¬ 
strate  and  past  vegetational  history. 
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EXPERIMENTAL  ESTABLISHMENT  OF  PLANTS  ON  LAKE  SHORES 

In  1973  the  scope  of  the  study  was  broadened  to  include 
experiments  on  establishing  plant  species  on  the  shore  of  both 
lakes.  From  the  limited  data  of  1971  and  1972,  it  seemed 
apparent  that  some  naturally-occurring  species  were  more 
tolerant  than  others  of  inundation.  Additionally,  as  dis¬ 
cussed  above,  some  species  appeared  more  abundant  following 
high  water  only  to  be  replaced  the  following  year  by  other 
species  which  may  or  may  not  be  more  tolerant  of  inundation. 

No  data  were  available  to  permit  ranking  of  species  regarding 
relative  inundation  tolerance.  It  seemed  logical  to  select 
species  that  were  indeed  hydrophytes,  such  as  Typha  and 
Scirpus ,  as  well  as  other  species  that  show  preference  for 
very  mesic  habitats,  such  as  Phalaris .  Ecologically,  the 
absence  of  a  species  from  a  habitat  means  little;  but  the 
presence  of  a  plant  species  is  important  if  we  understand  the 
significance  of  its  presence.  Along  the  Lake  shores  the 
presence  and/or  absence  of  any  species  could  indicate  the 
presence  and/or  absence  of  disseminules  at  the  right  time  for 
germination  and  establishment.  The  patterns  of  vegetation 
zonation,  discussed  above,  do  suggest  species  response  to  en¬ 
vironmental  conditions  resulting  in  more  than  a  haphazard 
scattering  of  species.  In  selecting  plants  for  experimental 
establishment  the  choices  included  some  not  found  at  any  of 
our  sites  in  1971  or  1972,  some  that  were  present,  and  some 
that  we  would  never  expect  to  find  at  our  sites  but  wished 
to  try  them.  The  availability  of  disseminules  and/or  trans¬ 
plants  also  determined  to  some  extent  the  choices  of  species. 


Methods 


We  selected  17  sites  for  plantings,  8  on  Lake  Sakakawea 
and  9  on  Lake  Oahe  (Fig.  9).  The  sites  were  selected  on  the 
bases  of  slope,  substrates,  geographic  distribution  and  ac¬ 
cessibility.  Most  sites  have  a  slope  of  less  than  10°,  they 
are  well-distributed  around  the  Lakes,  include  most  of  the 
substrates  surrounding  the  lakes,  and  are  accessible  by  auto¬ 
mobile  .  Because  cattle  grazing  is  important  throughout  the 
study  region,  and  cattle  have  ready  access  to  the  Lake  shores, 
we  built  exclosures  at  12  sites  where  there  was  no  protection 
from  grazing.  The  remaining  five  sites  are  in  areas  presum¬ 
ably  free  of  grazing. 

Exclosures  were  built  using  steel  posts  spaced  about 
10  m  apart  and  strung  with  four  strands  of  barbed  wire.  The 
corners  of  the  exclosures  were  reinforced  with  additional 
posts  and  wire.  "No  trespassing"  signs  were  posted  to  re¬ 
duce  the  possibility  of  vandalism  at  the  study  sites.  All 
exclosures  were  approximately  50  x  100  m  with  the  long  dimen¬ 
sion  perpendicular  to  the  shoreline  and  the  lower  ends  of  the 
exclosure  were  low  enough  on  the  shore  that  at  least  the 
lower  part  of  each  exclosure  was  inundated  yearly.  An  ex¬ 
ception  was  1977  when  water  levels  were  very  low  and  1975 
when  water  levels  were  high  enough  to  inundate  all  the  area  of 
most  of  the  exclosures.  We  visited  the  exclosures  several 
times  yearly  to  assess  plant  growth  and  repair  fences.  During 
the  tenure  of  the  study,  only  one  exclosure,  at  Site  13,  was 
removed  by  a  rancher. 


Whether  started  from  disseminules  or  transplants ,  all 
species  were  planted  in  rows  perpendicular  to  the  shoreline. 
Species  were  started  in  the  spring  or  fall  when  the  water 
levels  were  low.  The  lowermost  plants  of  each  row  extended 
far  enough  onto  the  lower  shore  to  be  inundated  the  following 
growing  season.  We  tried  in  every  case  to  use  disseminules 
or  transplants  of  species  ecotypes  that  were  adapted  to  the 
region.  Most(  species  were  obtained  from  the  Soil  Conserva¬ 
tion  Service  Plant  Materials  Center  in  Mandan,  North  Dakota, 
the  Lincoln-Oakes  Nursery  of  Bismarck,  North  Dakota,  or  from 
the  field  where  we  collected  them  ourselves.  U.S.  Army  Corps 
of  Engineers  personnel,  using  heavy  equipment,  plowed  and 
disked  some  of  our  planting  sites.  We  used  a  hand-ope rated 
roto-tiller  to  prepare  the  remaining  sites  for  planting. 

Disseminules  were  seeded  rather  heavily,  by  hand,  in 
furrows  about  5  cm  deep  and  were  then  covered  with  mineral 
soil.  Transplants  were  spaced  5  -  10  m  apart  depending  some¬ 
what  on  the  slope  and  therefore  the  width  of  the  shore 
during  a  "normal"  year.  Transplants  of  Typha  and  Scirpus 
taken  from  nearby  ponds  were  1  -  2  dm  in  diameter  at  the 
base.  Plants  were  started  during  both  the  spring  and  fall 
of  1973,  1974  and  1975,  and  during  the  spring  of  1976.  We 
visited  the  sites  periodically  each  year  to  determine  sur¬ 
vival  of  each  species.  The  site  locations  are  shown  in  Fig.  9. 

Longevity  of  Established  Species 

Table  11  summarizes  times  of  plantings  and  periods  of 


survival  of  the  species.  Throughout  the  table  the  symbol  # 
indicates  the  species  were  killed  by  high  water  in  1975. 


LHoffiund  Bay 


New  Town1 
17-4 


Garrison1^. 


Lost  BridgeVv^^  ^ 

LAKE  SAKAKAWEA 


lft  HozenV?- 
I0»I5  \ 


vioil  Creek 


Beaver  Creek 


NORTH  DAKOTA 


SOUTH  DAKOTA 


Kenel 


Grand  River  \ 
LAKE 

OAHE  M°2fX 


MILES 

KILOMETERS 


Mlnnconjou' 


[ Little  Bend 
Wj 


Table  11.  Times  of  seeding  and/or  transplanting  species  onto  experimental  sites,  indicated 
by  letters.  Times  when  plants  were  checked  for  survival  are  indicated  by  numbers  and  symbols 
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Most  species  that  survived  one  or  two  years  were  killed  by 
the  very  high  water  in  1975.  Of  the  species  planted  in  1973 
or  1974  the  only  survivors  of  the  1975  high  water  were  some 


plantings  of  Phalaris  arundinacea,  Alopecurus  arundinaceus , 


Salix  alba.  Almost  as  significant  were  the  additional  species 
that  survived  two  years  of  relatively  normal  water  level 
fluctuations,,  during  1973  and  1974,  including  Agropyron 
smithii,  A.  cristatum,  A.  elongatum,  Bromus  biebersteinii , 


"pasture  mix",  Salix  amygdaloides ,  Populus  deltoides , 

Celtis  occidentalis  and  Fraxinus  pennsyl vanica .  A  "normal" 
water  level  year  in  1975  might  have  allowed  some  of  these  to 
survive  longer;  lack  of  control  of  the  water  level  has  intro¬ 
duced  one  of  the  most  important  variables  in  the  entire  study 
In  the  fall,  1974,  and  spring,  1975,  we  planted  Phalaris 
arundinacea,  Alopecurus  arundinaceus,  Puccinellia  nuttalliana 


Poa  pratensis  and 


ron  smithii  at  sites  12 


and  17'.  Only  Phalaris  and  Alopecurus  survived  the  high  water 
of  1975  at  any  of  these  sites.  Additional  species  planted  in 
the  spring,  1975,  shown  by  E  in  Table  11,  failed  to  survive 
the  high  water  in  1975  possibly  due  to  the  very  short  time 
between  establishment  and  inundation.  Finally,  some  species 
were  planted  in  the  fall,  1975,  and  spring,  1976,  shown  by 
F  and  G,  respectively,  in  Table  11.  When  we  examined  the 
sites  for  the  last  time  in  1977,  both  Phalaris  arundinacea 
and  Alopecurus  arundinaceus  were  successfully  established 
and  spreading.  What  appears  to  be  an  excellent  way  in  which 
to  establish  both  these  species  was  discovered  at  Site  3, 


the  Moreau  River  site  on  Lake  Oahe.  As  the  water  receded  in 
1975  small  pools  created  by  littoral  currents  eroding  small 
areas  from  the  shore  remained  for  some  time  in  the  fall.  Be¬ 
fore  they  dried  up  we  heavily  seeded  them  by  broadcasting 
disseminules  of  both  Phalaris  and  Alopecurus .  In  1977  both 
species  had  not  only  established  but  had  spread  vegetatively 
over  a  considerably  larger  area.  The  method  may  be  worth 
noting  if  larger  areas  of  the  shores  are  to  be  seeded  in  the 
future .  ' 

i 

These  planting  experiments  have  been  of  value  primarily 
in  determining  the  feasibility  of  establishing  shore  vege¬ 
tation  and  whether  species  can  indeed  survive  more  than  a 
single  year  on  the  shores.  Unfortunately  the  high  water  of 
1975  eliminated  the  possibility  in  this  study  of  observing 
whether  most  species  could  survive  longer  than  two  years ; 
certainly  only  a  small  number  of  species  withstood  the  1975 
inundation.  Lack  of  control  of  the  water  level  made  it  im¬ 
possible  to  draw  more  from  these  experimental  plantings.  In 
one,  or  two,  locations  along  the  lake  shores  where  water 
levels  could  indeed  be  controlled  experiments  could  yield 
the  kinds  of  quantitative  data  necessary  for  stronger  con¬ 
clusions  regarding  species  tolerances  to  inundation.  Such 
an  experiment  would  be  much  more  efficient  in  yielding  re¬ 
sults  than  the  experiments  required  in  the  present  study. 

The  unusually  high  water  in  1975  did  itself  provide  a 
unique  opportunity  to  determine  maximum  inundation  tolerance 
of  a  number  of  species  already  established  along  the  shore, 
and  above  it.  Results  of  this  effort  are  described  below. 


LIMITING  FACTORS  FOR  SHORE  VEGETATION 
Inundation 

Experiments  to  establish  plant  species  on  the  lake 
shores  provided  initial  evidence  that  some  plants  could  be 
established  at  least  for  a  period  of  1-2  years  and  that 
others  could  survive  for  longer  periods .  It  appeared  that 
species  differed  considerably  in  their  tolerances  to  inun¬ 
dation.  The  literature  contains  numerous  examples  of  the 
effects  of  inundation  on  plants.  Ahlgren  and  Hansen  (1957) 
reported  hardwoods  to  be  more  resistant  them  conifers  to  tem¬ 
porary  inundation.  Green  (1947)  reported  that  Ulmus  americana, 
Acer  saccharinum,  Betula  nigra,  Populus  deltoides ,  Fraxinus 
pennsylvanica,  Salix  nigra  and  Quercus  palustris  all  reacted 
differently  to  periods  of  inundation.  For  some  species  growth 
was  increased  and  for  others  growth  was  decreased.  Flooding 
above  the  root  crown  killed  all  species  within  four  years. 

Among  grass  species  Buchloe  dactyloides  apparently  sur¬ 
vived  6  to  19  months  inundation  if  it  began  when  the  plants 
were  dormant  (Porterfield  1945),  and  up  to  36  days  inundation 
if  flooded  during  the  growing  season.  After  flooding  turfs 
of  Festuca  elatior ,  Davis  and  Martin  (1949)  found  the  plant 
survived  all  depths  of  flooding,  from  2.5  cm  to  15  cm. 

Species  of  Melilotus  survived  best  only  in  shallow  water  when 
the  leaves  were  above  water.  There  seems  to  be  some  general 
agreement  that  terrestrial  herbaceous  species  do  survive  in¬ 
undation  longer  if  their  leaves  are  above  water,  and  that 
flowing  water  is  tolerated  longer  than  stagnant  water.  There 
are  exceptions.  Maintaining  water  levels  at  the  soil  surface, 


and  at  25  and  40  cm  below  the  surface,  Finn  et  al.  (1961) 
found  grasses  more  tolerant  them  legumes  and  that  grasses 
actually  increased  production  up  to  21  days  maximum  inunda¬ 
tion  with  Phleum  pratense  and  Bromus  inermis  to  be  less 
tolerant.  Waddington  and  Baker  (1965)  reported  Poa  pratensi s 
tolerated  low  oxygen  diffusion  rates,  a  condition  accompany¬ 
ing  flooding  of  the  soil;  but  Beard  and  Martin  (1970)  re¬ 
ported  the  survival  of  inundated  Poa  pratensis  as  well  as 
Festuca  rubra,  Poa  annua  and  Agrostis  palustris  was  limited 
by  increased  temperatures  of  the  water. 

To  gain  further  insight  into  species  tolerances  to  in¬ 
undation  two  approaches  were  used.  In  one  we  determined 
periods  of  survival  of  a  number  of  species  during  the  time 
of  record  high  water  in  1975.  In  the  second  we  inundated  a 
number  of  grass  species  in  the  laboratory  to  determine  rela¬ 
tive  tolerances  to  inundation  under  the  conditions  of  the 
experiment . 

Methods 

(1)  Field  Methods. - At  36  sites  in  1976  we  determined 

the  survival  of  plants  to  the  record  high  water  level  of  1975. 
The  plants  observed  were  all  present  in  1974;  some  were  plan¬ 
ted  and  the  remainder  occurred  naturally  along  a  d  above  the 
shore.  All  the  grasses  and  forbs  observed  were  at  least  a 
year  old  in  1976  and  were  considered  to  be  mature.  All  the 
shrubs  were  well-established  and  mature;  and  among  the  trees 
we  considered  those  less  than  five  years  old  and  less  than 
0.5  dm  diameter  at  the  base  to  be  seedlings.  All  other  trees 
were  grouped  into  a  single  category  of  mature  (Table  12). 


By  determining  the  elevation  of  surviving  individuals 
with  reference  to  the  high  water  elevation  at  each  site,  and 
knowing  the  elevation  of  the  water  through  the  year,  we  could 


closely  approximate  both  maximum  depth  and  length  of  time 
each  surviving  plant  was  inundated.  The  highest  water  level 
at  each  site  is  clearly  marked  by  a  narrow  zone  of  dead  wood, 
bark  chips  and  other  debris  floated  there  and  remaining  when 
the  water  receded.  We  used  the  upper  edge  of  this  zone  as 
the  level  of  highest  water  in  1975.  With  the  aid  of  a  survey¬ 
ing  level  and  leveling  rod,  we  measured  at  the  ground  surface 
the  vertical  distance  of  the  surviving  plants  below  the  high 
water  elevation  marked  by  the  zone  of  debris.  After  deter¬ 
mining  the  elevation  of  each  plant  base,  we  added  the  height 
of  each  plant  which  provided  a  calculated  elevation  to  which 
elevations  of  water  levels  could  be  related.  Thus,  in  re¬ 
porting  inundation  periods,  I  am  giving  both  the  calculated 
days  of  complete  inundation  and  the  days  the  bases  of  plants 
were  surrounded  by  surface  water. 

(2)  Laboratory  Methods. - Species  for  laboratory  ex¬ 

periments  were  selected  on  the  basis  of  their  potential  im¬ 
portance  along  the  shores,  and  to  some  extent  on  the  basis  of 
their  availability.  The  following  species  were  used  in  these 
experiments:  Agropyron  repens ,  Agropyron  smithii ,  Alopecuris 

aequalis ,  Alopecurus  arundinaceus ,  Beckmannia  syzigachne , 
Bromus  inermis ,  Hordeum  .jubatum,  Phalaris  arundinacea ,  Poa 
pratensis ,  Puccinellia  nuttalliana  and  Stipa  viridula. 
Disseminules  were  collected  when  ripe  and  returned  to  the 
laboratory  in  paper  bags,  then  stored  in  the  laboratory  in 


sealed  glass  jars  at  room  temperature  until  used.  The  dis- 
seminules  were  germinated  on  filter  paper  in  petri  dishes  in 
an  environmental  control  chamber  programmed  for  16  hrs  light 
(approximately  30,000  lux)  at  21°C  and  8  hrs  dark  at  10°C. 
After  germination  seedlings  were  transplanted  to  loam  soil 
in  tin  cans  10  cm  in  diameter  and  20  cm  tall.  The  cans  were 
previously  painted  on  the  outside  with  aluminum  paint,  and  on 
thfe  inside  lined  with  plastic  to  prevent  direct  contact  of 
plaint  roots  with  the  metal  of  the  can.  The  pots  were  all 
placed  in  an  environmental  control  chamber  programmed  for 
16  hrs  daylight  (30,000  lux)  at  21°C  and  8  hrs  darkness  at 
10°C.  When  the  seedlings  were  1-3  cm  tall  they  were  weeded 
to  leave  the  five  most  vigorous  seedlings  in  each  pot. 

The  field  capacity  (capillary  capacity)  of  the  soil  used 
was  24.7%  and  the  pots  were  brought  up  to  field  capacity  (by 
weight)  by  watering  with  deionized  water  every  three  days. 

When  the  plants  were  six  weeks  old,  three  pots  of  each  spe¬ 
cies  were  exposed  to  the  following  treatments: 

1)  Soil  moistened  to  two  times  field  capacity  and  main¬ 
tained  at  this  moisture  level  for  30  days. 

2)  Plants  inundated  for  5  days  in  a  tank  40  cm  deep 
40  cm  wide  and  115  cm  long  with  tap  water  at  21°C 
flowing  through  the  tank  at  the  rate  of  1  liter  every 
3  minutes.  A  four  bulb  flourescent  fixture  mounted 
above  the  tank  provided  340  lux  just  below  the  surface 
of  the  water,  16  hr  of  every  24  hr  during  the 
treatment . 

3)  Same  as  2)  except  inundation  period  was  15  days. 


4)  Same  as  2)  except  inundation  period  was  30  days. 

5)  Same  as  2)  except  inundation  period  was  45  days. 

6)  Same  as  5)  except  leaves  were  clipped  off  below  the 
water  surface.  This  treatment  was  only  given  to 
three  species  which  had  elongated  their  leaves  above 
the  water  surface  in  other  treatments . 

7)  Same  as  2)  except  inundation  period  was  60  days. 

8)  Three  control  pots  of  each  species  for  each  treatment 
were  maintained  in  the  growth  chamber  for  comparison 
with  each  treatment. 

After  each  treatment  soil  moisture  was  allowed  to  evap¬ 
orate  back  to  field  capacity  as  plants  recovered  for  20  days 
in  the  environmental  chamber.  At  the  end  of  the  treatment 
plants  were  photographed  with  the  controls.  After  the  20  day 
recovery  period,  treatment  and  control  plants  were  rephoto¬ 
graphed.  Their  height  was  measured,  and  finally  the  roots 
and  shoots  were  removed,  air  dried  and  weighed.  Before  and 
after  each  experiment  the  means  of  shoot  height  and  number  -»'f 
shoots  per  pot  were  determined.  After  the  experiments  we 
dried  and  weighed  5  shoots  and  5  roots  from  each  pot.  Using 
a  t-test  mean  shoot  and  root  biomass  data  of  treated  and  con¬ 
trol  plants  were  compared. 

Results 

(1)  Field  Observations. - Among  the  trees  observed, 

Salix  spp .  tolerated  longest  'inundation  periods,  up  to  60 
days  complete  inundation  and  83  to  149  days  with  surface  water 
around  their  bases  (Table  12).  Salix  seedlings  also  survived 
surprisingly'  well  during  the  1975  high  water.  Populus 


Table  12.  Inundation  periods  of  plant  species  that  survived 
the  high  water  of  1975. 
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Polygonum  coccineum  M  76  43  .71 


Nomenclature  follows  Van  Bruggen  (.1976). 
^These  include  Rosa  woodsii  and  R^  arkansana. 
cAn  unidentified  Carex. 


inundated 


deltoides  seedlings  tolerated  up  to  18  days  complete  inun¬ 
dation  and  as  much  as  76  days  of  surface  water.  Hosner 
(1960)  reported  twice  as  many  Salix  nigra  seedlings  survived 
30  days  complete  inundation  as  did  Populus  seedlings. 

Casual  observations  we  made  indicated  that  most  of  the 
naturally  occurring  Populus  and  Salix  did  survive  the  high 
water  of  1975.  Most  of  the  Populus  deltoides  planted  in 
1975  by  the  Army  Corps  of  Engineers  did  not  survive  the  high 
water.  Prior  to  1975  both  Salix  and  Populus  were  relatively 
common  around  both  reservoirs.  The  trees  occurred  mostly  in 
rows  parallel  to  the  shorelines.  Because  the  timing  and  mag¬ 
nitude  of  water  fluctuation  are  not  identical  from  year  to 
year,  innumerable  Salix  and  Populus  seedlings  are  killed  by 
high  water  each  year;  but  over  a  long  period  of  time  there 
appear  to  be  about  as  many  new  seedlings  established  as  are 
killed.  We  have  observed  a  number  of  Populus  along  the 
shorelines  grow  from  seedlings  to  saplings,  2  -  3  m  tall, 
during  the  period  1971  to  1975,  indicating  some  degree  of 
tolerance  to  high  water  each  year. 

Two  additional  trees,  Fraxinus  pennsylvan'ica  and  Acer 
negundo ,  tolerate  less  water  and  only  at  one  site  did 
Fraxinus  tolerate  complete  inundation.  Under  greenhouse  con¬ 
ditions  Hosner  (1960)  found  3  of  15  Fraxinus  seedlings  tested 
tolerated  30  days  complete  inundation.  Silker  (1948)  recom¬ 
mended  Fraxinus  for  shore  areas  qnly  where  inundation  is 
occasional  and  of  short  duration.  Green  (.1947)  found  mature 
Fraxinus  to  be  very  tolerant  with  few  dead  specimens  even 


I 


after  two  years  with  their  bases  surrounded  by  .46  to  1.2  m 
of  water. 


In  two  locations  near  Lake  Sakakawea  the  lower  ends  of 
established  windbreaks  oriented  perpendicularly  to  the  shore¬ 
line  were  inundated.  Mature  trees  in  these  windbreaks'1 
included  Ulmus  americana,  Ulmus  pumila,  Ulmus  rubra  and 


Celtis  occidentalis .  U.  americana  and  Celtis  were  most  sen¬ 
sitive  to  the  high  water;  both  species  survived  only  above 
the  level  of  highest  water  in  1975.  In  contrast  U.  pumila 
and  U.  rubra  survived  surface  water  for  29  and  24  days  re¬ 
spectively.  Our  observations  on  U.  americana  conflict  with 
those  of  Green  (1947)  who  found  that  though  U.  americana  were 
dying  after  two  years  exposure  in  .46  to  1.2  m  of  water  "many 
were  still  strong".  In  a  greenhouse  study  Hosner  (1960) 
observed  U.  americana  seedlings  failed  to  survive  30  days 
complete  inundation  and  only  4  of  15  seedlings  survived  20 
days  complete  inundation. 

The  high  water  of  1975  affected  shrubs  that  we  do  not 
ordinarily  encounter  along  the  shores  per  se .  Most  of  the 
shrubs  are  common  above  the  highest  water  levels.  Of  the 
shrubs  observed  only  Rosa  woodsii  and  R.  arkansana  were  to¬ 
tally  inundated  and  some  individuals  tolerated  25  days  com¬ 
plete  inundation  (Table  12).  Owing  to  the  general  absence  of 
shrubs  along  the  shores  we  judged  their  tolerance  to  water  to 
be  minimal.  This  was  illustrated  by  a  sizeable  clone  of 
Symphoricarpos  occidentalis  the  lower  half  of  which  was  inun¬ 
dated  in  1975.  After  the  water  had  receded  the  lower  half  of 
the  clone  which  had  been  under  water  was  dead.  Crategus 


tolerated  some  surface  water.  Eleagnus  angustifolia,  Prunus 
virginiana  and  Juniperus  horizontalis  were  drowned  in  sat¬ 
urated  soil  above  the  maximum  water  level  in  1975. 

Around  Lakes  Oahe  and  Sakakawea  herbaceous  vegetation 
dominates  the  shores .  Typha  latifolia  and  the  Scirpus 
validus  are  emergent  hydrophytes  that  are  common  in  potholes 
and  other  mesic  habitats  in  our  region;  and  both  tolerate 
much  water.  In  the  quiet  embayments  of  the  reservoirs  these 

i 

two  species  persist  for  several  years;  even  where  wave  action 
is  obvious  Typha  can  survive  for  several  years  (Table  12). 
While  high  water  in  1975  eliminated  many  of  both  species, 
Scirpus  survived  161  days  exposed  to  surface  water  including 
50  days  of  complete  inundation.  Typha  survived  138  days 
exposure  to  surface  water  including  10  days  of  complete  in¬ 
undation  (Table  12).  Considering  the  usual  habitats  of  these 
two  species  in  our  region,  the  1975  inundation  periods  are 
not  unusually  long.  The  reservoir  shores  do,  however,  offer 
more  hazards  for  emergent  hydrophytes,  particularly  in  the 
form  of  wave  action  and  siltation  both  of  which  can  be  im¬ 
portant  limiting  factors.  At  one  site  in  1975  both  species 
were  temporarily  eliminated  by  123  days  of  exposure  to  surface 
water  that  reached  a  maximum  depth  of  2.3  m.  At  this  same 
site  in  1976  both  species  were  regenerating  from  underground 
rhizomes . 


Agropyron  repens  is  common  along  the  shores  of  both 
reservoirs  and  tolerates  considerable  water.  In  1975  it 


survived  up  to  97  days  exposure  to  surface  water  including 
62  days  complete  inundation  (Table  12).  Though  this  species 
is  considered  a  "noxious  weed"  in  South  Dakota,  it  may  be  of 
value  to  reconsider  the  label  with  regard  to  its  importance 
along  shores  of  fluctuating  water  level  reservoirs.  Agropyron 
smi thii  showed  somewhat  similar  tolerance  to  inundation, 
surviving  up  to  94  days  exposure  to  surface  water  including 
67  days  of  complete  inundation  (Table  12).  Alopecurus 
arundinaceus  is  a  large  perennial  grass  that  occurs  in  mesic 
habitats  in  North  Dakota;  so  far  it  has  not  been  encountered 
around  Lake  Oahe  except  where  we  planted  it.  Plants  of  this 
species  withstood  up  to  85  days  exposure  to  surface  water 
including  46  days  complete  inundation  (Table  12).  Where 
planted  along  the  shores,  it  has  persisted  several  years. 

Bromus  inermis  is  widely  planted  along  roadsides  in  our 
region,  but  it  tolerates  little  water.  It  was  killed  by 
complete  inundation  in  1975  and  survived  up  to  19  days  ex¬ 
posure  to  surface  water.  In  Oklahoma  Rhoades  (1967)  observed 
that  B.  inermis  tolerated  no  more  than  5  days  inundation;  and 
in  Canada  Bolton  and  McKenzie  (1946)  reported  the  species 
tolerated  flooding  for  24  days  before  being  affected. 

Phalaris  arundinacea  is  one  of  the  most  tolerant  plants 
to  the  shore  environment  of  Lakes  Oahe  and  Sakakawea.  As 
indicated  above  we  have  observed  it  spread  from  small  clumps 
to  large  areas  at  several  sites.  In  1975  it  survived  up  to 
106  days  exposure  to  surface  water  including  43  days  complete 
inundation.  Bolton  and  McKenzie  (1946)  reported  Phalaris 


survived  35  to  49  days  of  water  3.0  to  4.6  dm  deep;  Finn  et  al . 
(1961)  reported  it  was  as  productive  in  soils  saturated  with 
water  as  in  soils  maintained  at  field  capacity.  Phragmites 
australis  also  tolerates  much  water.  Because  it  grows  2  to 
3  m  tall,  it  was  never  completely  inundated  in  1975,  but  it 
did  tolerate  up  to  143  days  exposure  to  surface  water.  Near 
the  upper  end  of  Lake  Sakakawea  a  sizeable  stand  of  Phragmites 
occurs  in  the  middle  of  the  reservoir  where  water  to  a  depth 
of  about  1  m  is  present  throughout  most  of  the  growing  season. 

Poa  pratensis  occurs  along  both  reservoirs  where  inunda¬ 
tion  is  not  prolonged.  In  1975  this  grass  survived  38  days 
of  surface  water  including  15  days  of  complete  inundation. 
Carex  spp .  commonly  occur  in  mesic  habitats;  and  around  the 
reservoirs  they  occur  where  wave  action  is  not  severe.  In 
1975  an  unidentified  Carex  tolerated  73  days  exposure  to 
surface  water  including  36  days  of  complete  inundation. 

Polygonum  coccineum  is  the  only  broad-leaved  herbaceous 
plant  we  observed  in  this  survey.  It  was  seen  only  around  Lake 
Sakakawea  in  1975  and  survived  76  days  of  surface  water  in¬ 
cluding  43  days  complete  inundation. 

Table  12  reflects  apparent  differences  in  species  toler¬ 
ances  to  high  water  in  1975.  The  differences  observed  are 
due  in  part  to  differences  in  the  shore  environments  of  the 
two  reservoirs,  as  described  above.  Differences  in  climates, 
growing  seasons,  soils,  patterns  of  water  level  fluctuations 
all  have  some  influence  on  the  shore  vegetation.  As  a  result 
direct  comparisons  of  inundation  tolerances  shown  in  Table  12 
are  somewhat  hazardous.  Around  most  of  Lake  Oahe  the  growing 


season  is  longer  than  that  of  the  Lake  Sakakawea  vicinity. 
Water  levels  also  peak  later  in  Lake  Oahe  than  in  Lake 
Sakakawea;  thus  shore  vegetation  should,  theoretically,  have 
a  longer  period  of  growth  before  being  inundated.  The  lowest 
water  levels  in  the  reservoirs  are  important  because  they 
determine  the  lowest  limits,  in  relation  to  the  highest  water 
levels,  that  plants  can  become  established.  For  1975  the 
lowest  water  level  in  Lake  Oahe  was  488.9  m  above  mean  sea 
level,  recorded  on  January  16.  The  highest  water  level  for 
Lake  Oahe  in  1975  was  493.1  m  recorded  on  August  24.  The 
measured  water  rise  was  4.2  m.  For  Lake  Sakakawea  the  lowest 
and  highest  water  levels  in  1975  were  560.4  m  on  April  2  and 
565.3  m  on  July  31  respectively,  a  difference  of  4.9  m.  The 
difference  between  low  and  high  water  levels  reveals  only 
part  of  the  hazard  of  inundation  for  shore  plants.  For  some 
species  the  rate  of  water  level  rise  can  be  more  important 
than  the  ultimate  peak  reached.  For  example,  Agropyron 
smithii ,  Phalaris  arundinacea,  Alopecurus  arundinaceus , 
Alopecurus  aequalis  and  Agropyron  repens ,  when  exposed  to 
gradually  rising  water  levels,  elongate  their  culms  and  main 
tain  a  few  leaves  just  at  or  above  the  water  surface  and 
survive  prolonged  periods  of  inundation.  We  have  not  docu¬ 
mented  for  these  plants  the  maximum  rate  of  water  level  in¬ 
crease,  the  ultimate  water  level  tolerated,  or  the  length 
of  time  these  grasses  will  tolerate  inundation.  Obviously, 
as  they  are  terrestrial  grasses,  they  will  hardly  tolerate 
indefinite  periods  of  total  inundation.  The  field  obser¬ 
vations  reported  in  the  present  study  is  a  first  approxima- 


tion  at  answering  some  of  the  questions  about  plant'  survival 
to  inundation  on  the  reservoir  shores.  Patterns  of  water 
level  fluctuation  have  never  coincided  from  one  year  to  the 
next  in  either  reservoir.  Additionally,  the  rise  and  fall 
of  water  levels  in  Lake  Oahe  occurs  over  a  longer  period  than 
in  Lake  Sakakawea  so  that  plants  on  Lake  Oahe  shore  are  in 
general  exposed  to  longer  inundation  periods.  For  example, 
in  1975  a  point  1.8  m  below  the  highest  water  level  must  have 
been  passed  twice  during  the  season,  once  when  the  water  was 
rising  and  once  when  the  water  was  falling.  The  length  of 
time  between  the  rise  and  fall  of  water  levels  at  that  point 
was  151  days  on  Lake  Oahe  and  110  days  on  Lake  Sakakawea. 

The  more  gradual  rise  in  water  level  in  Lake  Oahe  could  allow 
plants  more  time  to  adjust,  if  at  all  possible,  but  the  longer 
period  of  inundation  at  that  point  on  Lake  Oahe  could  also  be 
detrimental  to  plants  there . 

Another  significant  difference  between  the  shore  environ¬ 
ments  of  the  two  reservoirs  is  their  surrounding  soils  dis¬ 
cussed  above.  Much  of  Lake  Oahe  is  surrounded  by  Pierre  shale 
which  weathers  into  a  substrate  with  much  clay.  Plants  rooted 
in  this  medium  may  be  subject  to  extremes  of  waterlogging  when 
the  medium  is  wet  and  desiccation  when  the  medium  is  dry. 

Most  of  the  substrate  surrounding  Lake  Sakakawea  is  derived 
from  glacial  till  most  of  which  weathers  into  a  loamy  sub¬ 
strate.  Plants  rooted  in  this  medium  are  less  subject  to 
extremes  of  soil  moisture  conditions. 

Finally,  in  interpreting  results  of  Table  12,  it  xs 
important  that  not  all  plants  were  equidistant  from  the 
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shorelines  on  a  given  date  in  1975;  this  alone  yielded 
some  variation  in  the  results. 


t 


(2)  Laboratory  Experiments. - Five  species  tested 

were  members  of  the  ephemeral  shore  communities .  Agropyron 
repens  and  Agropyron  smithii  were  similar  in  their  responses 
to  inundation.  Both  species  survived  60  days  complete  inun¬ 
dation  in  this  experiment  though  flooding  reduced  dry  matter 
$ 

production  of  both  shoots  and  roots,  compared  to  control 
plants  (Fig.  10,  Table  F).  The  height  and  the  number  of 
shoots  per  pot  were  also  much  less  in  test  plants  compared  to 
controls  (Table  F).  When  exposed  to  soil  moisture  of  2x 
field  capacity  for  30  days,  shoots  of  Agropyron  repens  were 
only  slightly  less  productive  than  control  plants,  though 
roots  were  more  greatly  reduced  ( Table  F ) .  For  Agropyron 
smithii ,  exposure  to  soil  moisture  of  2x  field  capacity  re¬ 
sulted  in  greater  shoot  production  and  only  slightly  less 
root  production  than  control  plants  (Table  F). 

Plants  of  A.  smithii  considered  to  be  a  possible  "wetland" 
ecotype  survived  30  days  complete  inundation  no  better  than 
"normal"  ecotypes  of  A.  smithii ,  though  exposure  to  soil  mois¬ 
ture  of  2x  field  capacity  did  result  in  considerably  more 
growth  of  the  test  plants  compared  to  controls  (Table  F). 

If  it  is  not  inundated  Alopecurus  ae qualis  normally  grows 
less  than  0.5  m  tall  in  our  region.  When  inundated,  it  elon¬ 
gates  its  culms  and  can  extend  above  water  about  1  m  deep. 

In  this  experiment  it  also  elongated  its  culms  to  maintain  a 
limited  number  of  leaves  just  above  the  water  surface.  While 
some  plants  survived,  60  days  of  inundation  took  its  toll  in 


Fig.  10.  Dry  weights  of  roots  and  shoots  of  grasses  inundated 
for  various  lengths  of  time.  Solid  lines  are  control  plants; 
dashed  lines  are  inundated  plants.  Solid  circles  are  shoots, 
open  circles  are  roots. 
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both  numbers  of  plants  and  in  dry  matter  produced  (Fig.  11, 
Table  13).  After  about  30  days  inundation,  all  plant  tissue 
under  water  appeared  dead,  though  green  leaves  occurred 
above  the  water  level.  During  the  20  days  recovery  period 
following  inundation,  new  leaves  were  produced  frcm  rhizomes. 
When  exposed  to  soil  moisture  of  2x  field  capacity  for  30 
days,  the  plant  produced  more  stems  and  greater  dry  matter 
than  control  plants  (Table  F). 

Alopecurus  arundinaceus  also  elongated  rapidly  when  in¬ 
undated  to  maintain  leaves  above  the  water  level.  As  shown 
in  Table.  13  the  dry  weight  of  the  shoots  of  plants  inundated 
for  60  days  followed  by  a  20  day  recovery  period  was  nearly 
twice  that  of  control  plants  of  the  same  age.  The  root  weight 
however,  of  the  control  plants  was  much  greater  than  that  of 
inundated  plants.  An  arbitrary  decision  to  weigh  all  under¬ 
ground  plant  parts,  including  rhizomes,  with  roots  resulted 
in  the  inflated  value  for  roots  of  control  plants .  Much  of 
that  plant  material  was  in  fact  rhizome  which  in  the  inundated 
plants  elongated  vertically  and  was  weighed  with  shoot  mater¬ 
ial  (Fig.  11).  More  significantly,  however,  is  the  fact  that 
the  plants  survived  60  days  of  inundation  and  in  the  field 
it  has  survived  even  longer  periods  of  inundation.  Survival 
of  A.  arundinaceus  was  threatened  when  the  leaves  above  the 
water  level  were  clipped  off.  As  shown  in  Table  F,  this 
treatment  which  acccmpviied  45  days  inundation  resulted  in 
only  3  live  shuo’  3  ;r  pot  and  very  little  production.  While 
the  species  can  withstand  considerable  inundation  for  pro¬ 
longed  periods,  it  seemingly  must  have  leaves  above  the  water 
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Table  13,  cont'd 


data  are  presented  in  Table  F,  Appendix. 
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level.  Finally,  the  plant  survived  very  well  in  soil  at  2x 
field  capacity  (Table  F).  Under  these  conditions  there  were 
more  shoots  per  pot  and  greater  shoot  weight  than  control 
plants.  Root  weight,  however,  was  less  than  that  of  control 
plants . 

Beckmannia  syzigachne  is  an  annual  which  also  tolerates 
considerable  inundation  if  the  leaves  are  above  water.  When 
the  leaves  were  clipped  off  just  below  water  level  the  plant 
died  (Table  F).  In  this  experiment,  when  Beckmannia  leaves 
did  emerge  above  the  water  level,  shoot  biomass  was  equal  to 
or  greater  than  that  of  the  control  plants,  but  root  biomass 
was  considerably  less  than  controls.  Finally,  it  is  signifi¬ 
cant  in  view  of  the  mesic  habitats  occupied  by  this  species, 
that  plants  exposed  to  soil  moisture  of  2x  field  capacity  for 
30  days  produced  more  shoots  per  pot  and  greater  root  biomass 
than  control  plants;  shoot  biomass  values  were  the  same  as 
those  of  control  plants  (Table  F).  While  this  species  with¬ 
stands  considerable  inundation,  and  does  well  in  wet  soils, 
it  is  an  annual  and  must  reseed  each  year.  This  could  be  a 
factor  of  some  importance  in  considering  the  future  management 
of  the  shore  communities. 

Bromus  inermis  is  an  introduced  species  and  is  frequently 
seeded  along  roadsides  in  our  region.  As  indicated  above, 
Bromus  inermis  tolerated  up  to  19  days  of  surface  water  in 
1975.  In  this  laboratory  experiment  it  tolerated  60  days  in¬ 
undation  but  the  number  of  shoots  and  the  biomass  produced 
was  signif icantly  less  than  that  of  control  plants  (Table  13). 


When  exposed  to  soil  at  2x  field  capacity  for  30  days,  the 
plants  produced  more  shoots  and  more  shoot  biomass  than  con¬ 
trol  plants,  but  root  biomass  was  less  than  that  of  the  con¬ 
trols  (Table  F). 

Hordeum  ,j ubatum  did  not  survive  the  60  day  inundation 
treatment.  The  very  small  biomass  values  given  in  Table  13 
are  for  shoots  and  roots  that  failed  to  recover  during  the 
20  day  recovery  period.  No  45  day  inundation  was  given'  this 
species;  it  did  survive  30  days  inundation  (Table  F).  Jlnun- 
dation  did  result  in  more  shoots  per  pot  than  in  the  controls 
(Table  F).  As  shown  in  Fig.  11  inundation  also  resulted  in 
marked  decrease  in  dry  matter  produced.  Plants  in  soil  with 
moisture  at  2x  field  capacity  for  30  days  produced  essentially 
tha  same  number  of  shoots  as  control  plants,  slightly  less 
shoot  biomass  then  controls,  and  only  half  as  much  root 
biomass  (Table  F).  Hordeum  ,j ubatum  is  an  important  species 
in  shore  communities;  yet  is  quite  intolerant  to  inundation. 

We  did  not  observe  it  to  have  survived  the  high  water  of 
1975,  and  in  the  laboratory  it  failed  to  survive  60  days  in¬ 
undation.  Its  importance  on  the  shore  suggests  further 
investigation  into  its  autecological  requirements  might  be  a 
rewaroing  endeavor. 

Phalaris  arundinacea  is  another  species  that  responds  to 
inundation  by  elongating  its  culms  and  producing  leaves  just 
above  the  surface  of  th§  water.  As  indicated  above,  it  sur¬ 
vived  prolonged  inundation  along  the  lake  shores  in  1975.  In 
this  laboratory  experiment  it  survived  60  days  inundation. 
Compared  to  control  plants  it  produced  more  shoot  biomass  but 
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less  root  biomass  after  60  days  inundation.  As  in  the  case 
of  Alopecurus  arundinaceus  the  very  large  root  weight  of 
control  plants  of  Phalaris  included  rhizomes,  most  of  which 
were  included  among  the  elongated  culms  of  the  plants  that 
had  been  inundated  (Table  13).  Phalaris  plants  exposed  to 
soil  moisture  of  2x  field  capacity  for  30  days  produced 
twice  as  many  shoots  as  control  plants,  and  also  more  shoot 
and  root  biomass  than  control  plants.  A  comparison  of  root 
and  shoot  biomass  of  both  control  and  inundated  plants  is 
shown  in  Fig.  10.  Phalaris  shoots  that  were  kept  below  the 
surface  of  the  water  by  clipping  showed  after  45  days  much 
uss  biomass  in  both  shoots  and  roots  than  in  the  controls 
(Table  F) . 

Poa  pratensis  survived  all  the  inundation  treatments, 
including  60  days.  Like  Bromus  inermis  it  does  not  elongate 
culms  when  flooded;  it  does  lose  much  chlorophyll  when 
flooded,  along  with  leaf  and  stem  mechanical  tissue.  However, 
when  removed  from  the  water  and  placed  into  the  growth  cham¬ 
ber  for  a  recovery  period,  it  did  recover.  After  60  days 
inundation  followed  by  the  recovery  period  the  shoot  and  root 
biomass  were  less  than  those  of  the  control  plants  (Table 
13).  Plants  exposed  to  soil  moisture  of  2x  field  capacity 
for  30  days  produced  significantly  more  shoot  biomass  than 
did  control  plants.  Root  biomass  of  this  treatment  was  sig¬ 
nificantly  less  than  that  of  control  plants.  In  fact  root 
biomass  was  signif icantly  less  among  all  treated  plants  than 
that  of  controls  (Table  F). 
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Puccinellia  nut tal liana  is  quite  intolerant  of  flood¬ 
ing.  It  began  showing  adverse  effects  after  only  5  days 
inundation.  After  15  days  inundation,  little  sign  of  life 
remained  in  any  of  the  treatment  pots,  though  there  was  some 
recovery  after  the  plants  were  taken  from  the  inundation 
tank.  After  30  days  inundation  most  of  the  plants  had  died 
and  none  survived  either  45  or  60  days  inundation  (Tables 
13,  F).  Inundation  even  for  5  days  resulted  in  significantly 
less  shoot  and  root  biomass  than  that  of  control  plants. 
Interestingly,  plants  exposed  to  soil  moisture  of  2x  field 
capacity  did  survive  and  produced  somewhat  fewer  shoots  per 
pot  than  the  controls,  but  shoot  and  root  biomass  values  of 
this  treatment  were  unchanged  from  those  of  control  plants 
(Table  F) . 

Stipa  viridula  is  another  species  that  fails  to  survive 
inundation.  After  just  15  days  inundation  the  plants  were 
drowned.  The  small  biomass  values  reported  in  Table  F  for 
shoots  sind  roots  are  for  plants  that  failed  to  recover  fol¬ 
lowing  just  15  days  inundation.  Stipa  seedlings  grew  rather 
rapidly  to  about  12  cm  in  height,  but  remained  that  size 
through  the  duration  of  the  experiment.  Plants  exposed  to 
soil  moisture  of  2x  field  capacity  produced  the  same  number 
of  shoots  and  the  saune  shoot  and  root  biomass  as  those  of 
the  controls. 

While  the  experimental  conditions  of  this  experiment 
are  quite  unlike  those  encountered  in  the  field,  most  results 
were  not  inconsistent  with  observations  made  in  the  field. 


Of  the  11  species  tested  8  survived  60  days  inundation.  In 
the  field  we  have  observed  only  Agropyron  smithii  and  A. 
repens  actually  survive  longer  than  60  days  complete  inun¬ 
dation.  However,  for  larger  species,  like  Phalaris 
arundinacea,  which  in  this  experiment  elongated  to  produce 
leaves  above  the  water  level,  we  have  observed  it  to  survive 
106  days  of  surface  water  (Table  12). 

The  results  of  the  experiment  permitted  a  ranking  of  the 
species  in  relation  to  inundation  tolerance,  as  follows,  in 
order  of  decreasing  tolerance: 

1 .  Phalaris  arundinacea 

2 .  Alopecurus  arundinaceus 

3 .  Beckmannia  syzigachne 

4.  Agropyron  smithii 

5 .  Agropyron  repens 

6 •  Poa  pratensis 

7.  Bromus  inermis 

8 .  Alopecurus  aequalis 

9.  Hordeum  jubatum 

10.  Puccinellia  nuttalliana 

11 .  Stipa  viridula 

It  is  clear  also  that  species  like  Phalaris  arundinacea, 
Alopecurus  arundinaceus  and  Beckmannia  syzigachne  survive 
inundation  because  in  part  they  elongate  their  culms  to  have 
leaves  above  the  level  of  water.  These  species  are  not 
aquatic  species,  rather  they  are  amphibious . 


Cattle  Grazing 

Cattle  grazing  is  a  major  enterprise  in  western  North 
and  South  Dakotas.  Along  Lakes  Oahe  and  Sakakawea  cattle 
have  ready  access  to  both  shore  vegetation  and  water.  While 
it  has  been  recognized  for  many  years  that  cattle  grazing 


can  decrease  significantly  the  shore  vegetation  of  ponds, 
lakes  and  reservoirs  (Gill  and  Bradshaw  1971,  Kelting  and 
Penfound  1950,  Magadza  1970,  Tieraeier  1951),  the  effects  of 
cattle  grazing  on  shore  vegetation  of  any  Missouri  River 
reservoirs  has  not  been  studied  previously.  Field  observa¬ 
tions  indicated  quite  clearly  that  cattle  grazing  was  to 
some  extent  a  limiting  factor  in  shore  vegetation  develop¬ 
ment.  The  present  collection  of  data  was  aimed  at  determin¬ 
ing  how  much  of  a  limiting  factor  grazing  represented. 

On  the  Federally-controlled  land  immediately  surrounding 
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Lake  Sakakawea  a  six  month  grazing  period,  1  May  to  31 
October,  is  permitted.  On  improved  pastures  the  stocking 
rate  allowed  is  one  animal  unit/15  acres,  and  on  native 
grassland  the  rate  is  one  animal  unit/30  acres.  Additionally, 
for  a  maximum  sustained  production  of  the  vegetation,  one 
half  the  year's  plant  growth  must  remain  after  the  grazing 
season.  The  stated  regulations  for  grazing  around  Lake  Oahe 
are  somewhat  different.  Here  the  grazing  period  is  1  May  to 
1  November,  and  winter  grazing  is  permitted  in  lieu  of  summer 
grazing.  Though  stocking  rates  are  not  specifically  stated, 
grazers  are  requested  to  comply  with  state  regulations, 
strive  to  improve  the  grazing  lands,  conform  to  all  princi¬ 
ples  of  good  husbandry  and  overgrazing  is  not  allowed 
(Operations  Division,  Corps  of  Engineers,  Omaha  District, 
personal  communication) .  * 

Stated  guidelines  are  obviously  worthwhile  for  grazers. 
Parts  of  any  grazed  area  will  be  more  heavily  utilized  than 


others,  and  because  of  access  to  water,  reservoir  shores  are 
areas  of  intense  use.  Because  the  shores  are  inundated 
regularly  and  the  vegetation  there  is  subject  to  drowning, 
it  is  somewhat  more  difficult  to  judge  the  impact  of  grazing. 
The  ephemeral  nature  of  the  shore  vegetation  also  makes  it 
quite  distinct  from  the  upland  steppe  for  which  the  grazing 
guidelines  were  actually  written. 

Methods 

As  indicated  above,  the  shore  vegetation  is  a  mosaic 
composed  primarily  of  alien  species  that  have  survived  for 
various  periods  between  high  water.  Source  of  disseminules , 
tolerance  to  inundation  and  timing  of  water  level  fluctua¬ 
tions  all  influence  vegetation  development.  We  studied 
shore  communities  in  1976,  following  the  record  high  water 
levels  of  1975.  Thus,  most  of  the  shore  species  encountered 
in  our  study  became  established  late  in  1975  after  recession 
of  high  water,  or  during  the  spring  of  1976.  Doing  the 
study  in  1976  provided  some  measure  of  uniformity  among  the 
sites  in  as  much  as  all  the  shore  was  quite  depleted  of 
species  during  1975. 

The  study  was  done  at  the  following  exclosure  sites 
(Fig.  9): 

Minnconjou 

Moreau 

Grand  River 

Kenel 

Hazen 

Garrison 

New  Town 

Cattle  have  ready  access  to  all  the  area  around  each  exclosure 


At  each  sampling  site  (Fig.  9)  we  estimated  plant 
canopy  coverages  within  2  x  5  dm  plots  (Daubenmire  1959). 

We  sampled  30  plots  at  meter  intervals  along  a  tape  parallel 
to  the  shoreline  inside  the  exclosure.  A  duplicate  set  of 
plots  was  analyzed  along  a  tape  outside  the  exclosure  and  the 
same  distance  from  the  shoreline.  Where  canopy  coverages 
were  estimated,  we  also  collected  plant  materials  for  biomass 
estimates.  These  were  done  by  clipping  at  ground  level  all 
living  vegetation  rooted1  within  10  -  0.1  m2  plots  inside  each 
exclosure  and  the  same  number  of  plots  outside  each  exclosure. 
For  shrubs,  only  current  year  twigs  and  leaves  were  collected. 
These  plots  were  spaced  2  m  apart  along  the  same  tapes  used 
for  coverage  estimates.  All  plant  material  collected  was 
placed  in  paper  sacks  and  air-dried  in  the  field.  In  the 
laboratory  the  material  was  dried  further  at  70°C  for  48  hr, 
then  weighed  to  the  nearest  0.1  g. 

At  each  site  mineral  soil  samples  of  the  shore  habitats 
were  collected  to  1  dm  depth  at  10  intervals  along  the  tapes 
inside  and  outside  the  exclosures.  The  samples  were  air 
dried  in  the  field;  in  the  laboratory  they  were  bulked  and 
passed  through  a  2  mm  screen  before  analyses.  We  measured 
pH  on  moistened  soil  using  a  glass  electrode,  particle  size 
distribution  using  a  modified  Buoyoucos  method,  readily  ex¬ 
changeable  phosphorus,  potassium,  calcium  using  "quick"  soil 
tests,  cation  exchange  capacity  using  a  modified  ammonium 
acetate  extractable  technique,  calcium  plus  magnesium  using 
EDTA  in  a  pH  10  buffered  solution  and  using  eriochrome  black 


T  dye,  and  percent  nitrogen  using  the  Kjeldahl  method 
(Moodie  and  Koehler  1975) .  Field  capacity  of  soil  samples 
was  determined  by  establishing  hanging  water  columns  in 
sealed  cylinders  60  cm  long  and  4  cm  in  diameter.  After  48 
hr  2  cm  increments  of  the  moist  soil  were  removed,  weighed, 
oven-dried  at  105°C  for  48  hr,  then  reweighed.  The  average 
percent  moisture  based  on  oven-dry  weight  as  100%  is  an 
estimate  of  t^he  field  capacity. 

i 

i 

Results 

The  shore  vegetation  around  both  Lakes  Oahe  and  Sakakawea 
is  a  mosaic  of  ephemeral  plant  communities  that  survive  one 
or  more  years  usually  being  eliminated  by  a  combination  of 
high  water  and  cattle  grazing.  At  least  part  of  the  shore  is 
inundated  every  year. 

Minnconjou,  Moreau  and  Grand  River  sites  on  Lake  Oahe 
occur  on  Pierre  Shale-derived  substrate  which  weathers  into 
heavy  clays  or  clay  loams  (Table  14).  The  high  clay  content 
of  these  substrates  results  in  high  water-holding  capacity 
following  inundation,  or  precipitation,  but  the  same  sub¬ 
strates  become  very  hard  and  cracked  when  dry.  As  shown  in 
Table  14  soil  pH  is  above  7.0  at  all  three  sites,  and  cation 
exchange  capacities  (CEC)  are  nearly  the  same  with  calcium 
and  magnesium  dominating  the  exchange  complex.  Owing  to  var¬ 
iable  amounts  of  organic  matter  in  the  shore  substrates,  the 
amounts  of  phosphorus  and  nitrogen  are  variable,  and  not 
especially  high. 
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The  edaphic  characteristics  of  the  three  sites  are 
sufficiently  similar  that  vegetational  differences  among  the 
sites  are  not  directly  related  to  substrate  characteristics. 
The  similarity  of  each  pair  of  stands  was  calculated  using 
the  familiar  coefficient  of  similarity  (see  p.  20): 

2W 

C.S.  =  -  x  100 

A  +  B 

where  C.S.  is  the  coefficient  of  similarity,  A  is  the  total 
number  of  species  in  one  stand,  B  the  total  number  of  species 
in  the  second  stand,  and  W  the  number  of  species  shared  by 
the  two  stands.  The  value  is  multiplied- by  100  to  express 
the  index  as  a  percentage.  Using  total  floristic  lists  from 
the  above  three  sites,  the  indexes  of  similarity  are  the 
following:  Minnconjou  and  Moreau  =  37%,  Moreau  and  Grand 

River  *  11%,  and  Minnconjou  and  Grand  River  =  10%.  From  ion- 
grazed  plots  only,  the  indexes  are  the  following:  Minnconjou 
and  Moreau  =  40%,  Moreau  and  Grand  River  =  34%,  and  Minnconjou 
and  Grand  River  =  32%.  From  grazed  plots  only,  the  indexes 
are  the  following:  Minnconjou  and  Moreau  =  23%,  Moreau  and 
Grand  River  =  31%,  and  Minnconjou  and  Grand  River  =  27%. 

Though  chance  is  important  in  determining  the  composi¬ 
tion  of  serai  shore  communities,  there  is  considerable  sim¬ 
ilarity  among  the  three  sites  on  Pierre  Shale-derived  sub¬ 
strates.  Grazing  reduced  the  similarities  to  some  extent, 
as  shown  by  the  calculated  indexes  above.  The  Grand  River 
site  is  the  most  heavily  grazed  of  the  three  sites  .  It  has 


the  greatest  abundance  of  Solanum  rostratum  and  Gnndelia 
squarrosa;  both  were  more  abundant  on  ungrazed  plots  at 
Grand  River  (Table  15).  Important  species  on  ungrazed  plots 
at  Grand  River  include  Bromus  ,j aponicus ,  Chenopodium  album, 
Helianthus  annuus,  Melilotus  spp .  ,  Polygonum  achoreum  and 
Hordeum  jubatum.  All  but  Hordeum  were  less  abundant  on 
grazed  plots.  Total  coverage  on  grazed  plots  at  Grand 
River  was  only  slightly  less  than  on  ungrazed  plots  (Table 
15).  Total  biomass,  however,  was  reduced  by  nearly  50%  on 
grazed  plots  at  this  site  (Table  16). 

Rumex  crispus  often  dominates  shore  vegetation  the  first 
year  following  high  water.  It  germinates  and  establishes  on 
the  bare  shore  in  late  summer  as  the  water  level  recess, 
remains  in  rosette  form  overwinter,  then  forms  dense  stands 
the  following  growing  season.  Cattle  do  graze  the  species. 

At  the  Moreau  site  Rumex  crispus  had  47%  and  10%  coverage  on 
ungrazed  and  grazed  plots  respectively.  At  Minnconjou  it 
had  6%  coverage  on  ungrazed  plots  and  was  absent  from  grazed 
plots  (Table  15).  At  Moreau  Hordeum  jubatum,  Atriplex  rosea, 
Polygonum  ramosissimum,  Thlaspi  arvense  and  Xanthium 


strumanum  were  also  important  on  ungrazed  plots  and  were 
reduced  or  absent  on  grazed  plots.  Contrary  to  results  ob¬ 
tained  at  Grand  River  and  Minnconjou,  both  Melilotus  spp . 
and  Polygonum  achoreum  were  more  abundant  on  grazed  plots  at 
Moreau,  Total  coverage  at  Moreau  was  97%  and  43%  on  un¬ 


grazed  and  grazed  plots  respectively.  Biomass  at  Moreau  was 

-2  -2 

720  g  m  and  173  g  m  on  ungrazed  and  grazed  plots 


respectively  (Table  16) 


Table  15.  Average  percent  canopy  coverages  of  plants  in  grazed  (G)  and  ungrazed  (U)  plots  along 
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Minnconjou  was  the  least  productive  site  judged  by  both 
coverage  and  biomass  estimates.  Total  coverage  was  54 %  and 

1116  on  ungrazed  and  grazed  plots  respectively;  and  biomass 

~2  -2 

was  378  g  m  and  19  g  m  on  ungrazed  and  grazed  plots  re¬ 
spectively.  Atriplex  rosea,  Amaranthus  albus ,  Rumex  crispus 
and  Xanthium  strumarium  were  all  important  on  ungrazed  plots, 
and  absent  on  grazed  plots  at  Minnconjou.  Melilotus  spp .  and 
Thlaspi  arvense  were  also  important  on  ungrazed  plots,  and 
were  considerably  reduced  by  grazing.  No  species  encountered 
at  Minnconjou  was  more  abundant  on  grazed  than  ungrazed  plots 
The  Kenel  site  occurs  on  a  loess-derived  substrate  that 
has  weathered  into  a  relatively  fertile  silt  loam  soil. 

That  the  Kenel  soil  is  quite  fertile  is  attested  to  by  not 
only  soil  analyses  but  also  by  the  lack  of  response  in  pro¬ 
duction  following  addition  of  nitrogen,  phosphorus  and  potas¬ 
sium  (see  below).  Hordeum  jubatum,  Chenopodium  album,  C. 
hybridum,  Kochia  scoparia  and  Rumex  crispus  were  all  abundant 
on  ungrazed  plots.  Total  plant  coverage  was  116%  and  77% 

on  ungrazed  and  grazed  plots  respectively  at  Kenel  (Table  15) 

-2  -2 

Biomass  estimates  were  606  g  m  and  210  g  m  on  ungrazed 
and  grazed  plots  respectively.  Chenopodium  album  was  much 
more  abundant  on  grazed  than  ungrazed  plots  and  accounted  for 
more  than  50%  of  the  coverage  and  biomass  on  grazed  plots. 

The  three  sites  on  Lake  Sakakawea  shore  occur  on  glacial 
till-derived  substrates  having  textures  of  loam  at  Hazen  and 
clay  loam  at  both  Garrison  and  New  Town.  Floristic  similar¬ 
ities  among  the  three  sites,  lumping  data  from  grazed  and 
ungrazed  plots  and  calculating  as  above  for  Lake  Oahe  sites, 


yielded  the  following:  Hazen  and  Garrison  =  36$,  Hazen  and 
New  Town  *  41$  and  Garrison  and  New  Town  =  24$.  The  same 
indexes  representing  only  grazed  plots  were  the  following: 
Hazen  and  Garrison  *  28$,  Hazen  and  New  Town  =  24$  and 
Garrison  and  New  Town  =  29$.  Similarity  indexes  representing 
only  ungrazed  plots  were  Hazen  and  Garrison  *  32$,  Hazen  and 
New  Town  =  42$  and  Garrison  and  New  Town  *  30$.  Floristic- 
ally,  ungrazed  plots  were  more  similar  than  grazed  plots, 
consistent  with  results  obtained  from  the  Lake  Oahe  sites. 

Important  species  on  ungrazed  plots  at  Hazen  were 
Hordeum  jubatum,  Sphenopholis  obtusata,  Poa  palustris , 
Chenopodium  album,  Descurainia  sophia,  Melilotus  spp .  and 
Polygonum  lapathi folium  all  of  which  were  less  abundant  or 
absent  on  grazed  plots .  Polygonum  achoreum  was  much  more 
abundant  on  grazed  plots  with  33$  coverage  compared  to  only 
1$  coverage  on  ungrazed  plots  (Table  15).  Potentilla 
norvegica  was  also  somewhat  more  abundant  on  grazed  than 
ungrazed  plots.  Total  plant  coverage  at  Hazen  was  155$  and 

72$  on  ungrazed  and  grazed  plots  respectively  (Table  15). 

-2  -2 

Biomass  was  478  g  m  and  85  g  m  on  ungrazed  and  grazed 
plots  respectively  (Table  16) . 

Important  species  on  ungrazed  plots  at  Garrison  were 
Hordeum  .jubatum,  Polygonum  lapathi  folium  and  Rum  ex  crispus . 

All  three  species  were  much  less  abundant  on  grazed  plots. 

* 

Small  amounts  of  Grindelia  squarrosa,  Medic ago  lupulina  and 
Polygonum  achoreum  were  present  on  grazed  plots  only  at 
Garrison.  Total  plant  coverages  at  Garrison  were  137$  and 
24$  on  ungrazed  and  grazed  plots  respectively.  Biomass  was 


1766  g  m  on  ungrazed  plots  and  15  g  m  on  grazed  plots. 


Polygonum  lapathifolium  accounted  for  much  of  the  coverage 

and  biomass  on  the  ungrazed  plots . 

New  Town  was  the  only  site  at  which  total  plant 

coverage  was  greater  on  grazed  than  ungrazed  plots,  though 

the  difference  was  slight.  Biomass,  however,  exhibited  the 

_2 

same  trend  as  that  of  other  sites;  there  were  911  g  m  and 
-2 

474  g  m  on  ungrazed  and  grazed  plots  respectively. 

Agropyron  repens  dominated  the  ungrazed  plots  along  with 
Hordeum  .jubatum,  Chenopodium  album  and  Iva  xanthifolia.  Of 
these  both  Hordeum  and  Chenopodium  were  considerably  more 
abundant  on  grazed  plots  (Table  15).  Potentilla  norvegica, 
Iva  xanthif olia,  Chenopodium  album,  Hordeum  .jubatum  and 
Polygonum  achoreum  were  all  dominants  on  the  grazed  plots. 

Cattle  grazing  is  a  variable  that  influences  and  can 
limit  shore  vegetation.  While  shore  vegetation  is  intended 
for  cattle  grazing,  at  least  in  part,  as  well  as  for  wildlife 
habitat,  fish  spawning  habitat,  erosion  control  and  aesthetic 
value  to  the  shore  environment,  a  balance  must  be  reached 
whereby  the  various  uses  of  the  shore  do  not  finally  negate 
one  another.  There  are  areas  of  shore  where  definite  over- 
grazing  has  occurred;  and  a  plan  for  management  of  the  shore 
will  have  to  include  controls  on  excessive  grazing  by  cattle. 
If  the  guidelines  for  grazers  do  include  leaving  at  least  one 
half  the  year’s  plant  growth,  this  is  hardly  being  followed 


over  much  of  the  reservoir  shores. 


118 


Soil  Nutrients 

Much  of  the  lake  shore  substrates  is  parent  material  and 
as  such  contains  limited  supplies  of  N  and  P,  particularly  at 
Mobridge,  Moreau  and  Beaver  Creek  (Table  14).  From  soil 
tests  it  appeared  that  of  the  basic  cations  measured,  Ca  and 
Mg  are  not  limiting.  The  status  of  K  is  somewhat  question¬ 
able  but  our  tests  indicate  it  might  be  low.  At  study  sites, 

i 

described  above,  many  plants  survived  for  longer  than  one 
year  if  they  were  neither  drowned  nor  grazed  excessively. 

If  nutrients  are  indeed  limiting,  it  can  best  be  determined 
by  observing  plant  responses  following  additions  of  nutrients. 
While  promoting  plant  growth  along  the  lake  shores,  there  is 
the  risk  that  nutrient  additions  washing  into  the  lakes  will 
speed  the  eutrophication  process .  For  this  reason  it  was 
decided  to  do  relatively  small  scale  experiments  initially. 

If  plants  responded  favorably  to  fertilizer  additions  there 
was  the  possibility  that  greater  tolerance  to  inundation 
would  also  result  and  shore  vegetation  development  would  be 
enhanced. 

Methods 

Field  Experiment.- — Field  nutrient  experiments  were  done 
at  the  following  sites  (Fig.  9): 

Mobridge 

Moreau 

Beaver  Creek 
Minconjou 
Ken  el 

Wolf  Creek 
New  Town 


We  used  an  N:P:K  fertilizer  of  the  following  ratio:  50N:50P: 

33K  (Pexpressed  at  P20g  and  K  expressed  as  KgO)  at  the  rate 

2 

of  623  kg/ha  spread  evenly  onto  625  m  plots  using  a  hand- 
operated  spreader.  Adjacent  equal  areas  were  not  fertilized 
and  served  as  a  check  on  the  effects  of  the  fertilizer.  Pre¬ 


liminary  studies  under  laboratory  conditions  indicated  that 

N,  P  and  K  were  the  most  limiting  elements  in  most  of  the 

shoreline  substrates.  To  obtain  a  quantitative  measure  of 

vegetation  response  to  fertilizer  additions  we  estimated 

plant  canopy  coverages  inside  and  outside  the  fertilized 

plot  using  a  coverage  estimation  technique  described  above. 

2 

Coverage  of  each  species  was  estimated  in  fifteen  0.1  m 

plots  systematically  placed  along  a  tape  through  the  center 

of  each  fertilized  and  unfertilized  stand.  Additionally,  we 

2 

clipped  all  plants  at  ground  level  within  five  0.1  m  plots 
in  each  fertilized  and  unfertilized  stand.  Clippings  were 
air-dried  in  paper  sacks  in  the  field  then  oven-dried  at  70° 

C  for  48  hr  before  they  were  weighed  to  the  nearest  gram. 

Laboratory  Experiment. - We  collected  large  samples  of 

upper  1  dm  mineral  soil  from  the  following  experimental  sites 


(Fig.  9): 

Minnconjou' 
Kenel 
Mobridge 
Beaver  Creek 
Wolf  Creek 
Hazen 

Lost  Bridge 
Hofflund  Bay 


Soils  were  taken  to  the  laboratory  where  they  were  gently 
ground  in  a  mortar,  then  passed  through  a  2  mm  sieve  to  re¬ 
move  gravel.  Soils  analyses  were  done  as  described  on  pages 


All  pot  culture  tests  were  done  using  1  kg  of  soil  in 
tinned  cans  which  were  lined  with  plastic  to  prevent  direct 
root  contact  with  the  metal.  The  cans  were  painted  with 
aluminuip  paint  on  the  outside  to  insure  uniform  reflection 
of  radiant  energy.  Five  one  week  old  seedlings  of  Phalaris 
arundinacea  were  transplanted  to  each  pot.  Nutrients  listed 
in  Table  17  were  added  at  the  start  of  the  experiment  and 
^.gain  after  4  .weeks .  The  treatments  were  the  following: 

I 

i  1)  complete  nutrients  added  (see  Table  17  for  descrip¬ 
tion  of  complete  nutrients) 

2)  phosphorus,  potassium  and  sulfur  added,  without 
nitrogen 

3)  nitrogen,  potassium  and  sulfur  added,  without 
phosphorus 

4)  nitrogen,  phosphorus  and  sulfur  added  without 
potassium 

5)  nitrogen,  phosphorus  and  potassium  added,  without 
sulfur 

6)  control,  with  no  nutrients  added. 

Each  treatment  was  replicated  4  times.  After  plants  and 
nutrients  were  in  the  pots,  they  were  placed  in  identical 
plant  growth  chambers  programmed  for  16  hr  daylight  (1300 
ft-c)  at  21°  C  and  8  hr  darkness  at  10°  C.  We  added  deion¬ 
ized  water  every  3  days  to  bring  soil  moisture  to  field 
capacity.  During  the  first  nine  days  of  the  experiment 
plants  that  died  were  replaced  with  fresh  seedlings  of  the 
original  group.  The  experiment  lasted  8  weeks  during  which 
time  we  noted  any  changes  in  vigor  and  color  of  the  plants. 


a 

Table  17.  Nutrients  added  to  soil;  values  are  ml  of  stock 
solution/kg  of  soil. 


Treatment 

kno3 

nh4no3 

KH2p°4 

nh2po4 

h2so4 

Complete 

1 

4 

1 

1 

2.25 

-N 

- 

- 

2 

- 

2.25 

-P 

2 

4 

- 

- 

2.25 

-K 

- 

4 

- 

2 

2.25 

-S 

1 

4 

1 

1 

- 

Control 

- 

- 

- 

- 

- 

aAll  solutions 

are  molar 

except 

H2S04  which 

is  95%. 

At  the  end  of  8  weeks  we  photographed  representative  groups 
of  plants  of  each  treatment.  Additionally,  we  measured  the 
height  of  the  tallest  five  plants  in  each  pot,  clipped  all 
shoot  material  at  soil  level,  washed  all  soil  from  the  root 
material  in  each  pot,  dried  all  plant  material  at  70°  C  for 
48  hr,  then  weighed  roots  and  shoots  of  each  pot . 


Results 

Field  Experiment. -  The  addition  of 

nitrogen,  phosphorous  and  potassium  (N,  P  and  K)  fertilizer 
produced  noticeable  changes  in  both  the  coverage  (Table  18) 


and  biomass  (Table  19)  of  naturally  occurring  shore  species. 

♦ 

Biomass  increases  ranged  from  . 5 %  at  Kenel  to  106.7%  at 


Mobridge.  Coverage  changes  ranged  from  a  complete  change  of 


the  dominant  species  at  Beaver  Creek  to  much  smaller  changes 


at  several  sites. 
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At  the  Mobridge  site  the  substrate  is  exposed  C  horizon 
parent  material,  sandy  loam  in  texture.  Nitrogen,  phosphorus 
and  potassium  contents  are  relatively  low.  At  this  site 
fertilization  resulted  in  the  largest  change  in  biomass, 

106.7$  increase.  Two  taxa  dominated  the  weed  community  here. 
Coverage  of  Salsola  iberica  increased  from  47$  to  78$  with 
fertilization  while  that  of  Melilotus  spp .  dropped  from  47$ 
to  19$. 

The  Moreau  substrate  is  also  exposed  C  horizon  but  here 
the  material  is  less  weathered  Pierre  Shale.  The  nitrogen 
content  here  is  low,  but  the  phosphorus  and  potassium  con¬ 
tents  are  about  average.  There  was  a  22.5$  increase  in 
biomass  resulting  from  fertilization.  A  number  of  species 
shared  dominance  here.  Some  increased  while  others  decreased 
in  coverage  following  fertilization.  It  is  unknown  if  the 
changes  were  a  direct  result  of  fertilization  until  more 
studies  have  been  done.  The  largest  change  in  coverage  was 
an  increase  from  2$  to  20$  in  Polygonum  achoreum  following 
fertilization.  Chenopodium  album  increased  from  2$  to  11$ 
and  Rumex  crispus  decreased  from  47$  to  22$;  these  two  species 
responded  similarly  at  most  other  sites  where  they  occurred. 

The  most  dramatic  results  occurred  at  Beaver  Creek  where 
the  dominant  species  changed  from  Melilotus  spp .  to  Chenopodium 
album.  The  substrate  here  is  C  horizon  sandy  loam  of  exposed 
Foxhills  sandstone.  Nitrogen  and  potassium  contents  are  well 
below  the  median  for  our  sites,  and  phosphorus  content  is 
above  average.  In  addition  to  the  increase  in  coverage  with 
fertilization  of  Chenopodium  album,  from  0$  to  75$,  and  in 
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Xanthium  strumarium,  from  14$  to  28$,  Melilotus  spp .  de¬ 
creased  from  87$  to  17$. 

The  substrate  at  the  Minnconjou  site  is  clay  derived 
from  Pierre  Shale.  The  nitrogen  content  here  is  slightly 
below  the  median  while  phosphorus  and  potassium  are  above. 
Fertilization  increased  biomass  14.5$.  The  increase  in  bio¬ 
mass  at  this  site  was  due  to  an  increase  in  coverage  of 
Kochia  scoparia  from  36$  to  61$. 

At  Kenel  the  substrate  is  silt  loam  soil,  developed  on 
loess.  Essentially  no  change  in  biomass  resulted  from  fer¬ 
tilization;  this  soil  contained  above  median  amounts  of 
nitrogen,  phosphorus  and  potassium.  Chenopodium  album  and 
Kochia  scoparia  increased  in  coverage  with  fertilization 
while  Rumex  crispus ,  Hordeum  jubatum  and  Chenopodium  hybridum 
decreased.  Low  biomass  figures  for  this  apparently  rich  soil 
were  somewhat  unexpected;  low  rainfall  may  have  been  respon¬ 
sible  for  the  low  biomass. 

The  Wolf  Creek  site  is  a  sandy  loam  soil  and  has  rela¬ 
tively  large  amounts  of  nitrogen,  phosphorus  and  potassium, 
but  here  there  was  a  94.6$  increase  in  biomass  with  fertili¬ 
zation.  These  results  are  in  direct  contrast  to  those  ob¬ 
tained  at  Kenel;  the  explanation  offered  here  is  that  greater 
precipitation  at  Wolf  Creek  enhanced  the  effects  of  fertili¬ 
zation.  At  Wolf  Creek  Chenopodium  album  increased  in  coverage 
from  65$  to  95$  with  fertilization  . 

At  New  Town  where  the  clay  loam  soil  is  about  median  in 
nutrient  content,  rainfall  was  adequate  and  biomass  increased 
70$  on  the  fertilized  plot.  Large  increases  in  the  coverage 


of  Chenopodium  album  and  Iva  xanthifolium  account  for  most 
of  the  increased  biomass.  Fertilizer  additions  of  nitrogen, 
phosphorous  and  potassium  (N,  P  and  K)  produced  some  notice¬ 
able  changes  in  the  shore  vegetation.  Chenopodium  album  t! 
increased  in  coverage  at  every  fertilized  plot  (Table  18). 
Kochia  scoparia  increased  on  three  fertilized  plots;  and 
Thlaspi  arvense  and  Polygonum  achoreum  both  increased 
greatly  at  the-  Mobridge  plot.  Some  species  decreased  hotice- 
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ably  on  several  fertilized  plots.  Melilotus  spp .  decreased 
at  the  Mobridge  and  Beaver  Creek  plots;  and  Rumex  crispus 
decreased  on  four  of  the  five  plots  where  it  occurred. 

Hordeum  j ubatum  decreased  on  three  plots  where  it  occurred; 
on  two  other  fertilized  plots  Ho rdeum  ,j ubatum  was  absent 
though  it  was  present  on  the  adjacent  unfertilized  plots. 
Polygonum  ramosissimum  increased  greatly  at  the  Mobridge 
plot  but  decreased  significantly  at  the  Minnconjou  plot  as 
did  Helianthus  annuus  (Table  18) .  Agropyron  repens  and  Iva 
xanthifolia  both  decreased  noticeably  on  the  fertilized 
plot  at  New  Town  where  Chenopodium  album  increased  tremen¬ 
dously.  Salsola  iberica  increased  greatly  at  the  Mobridge 
plot  but  was  relatively  unimportant  elsewhere . 

Other  species  listed  in  Table  18  are  important  primarily 
in  individual  plots.  Poa  palastris ,  Agropyron  repens  and 
Iva  xanthifolia  were  present  in  one  location  each  where  they 
were  relatively  important  species. 

As  shown  in  Table  19  increases  in  biomass  on  fertilized 
plots  varied  considerably  when  compared  to  unfertilized 


Table  19.  Plant  biomass  production  on  fertilized  and  unfertilized 
plots.  Plots  were  fertilized  in  May,  1976,  and  were  clipped  at 
ground  level  in  August,  1976. 


Location 


Biomass,  grams/  meter 

Reservoir  Fertilized  Plot  Unfertilized  Plot 


control  plots,  and  when  compared  to  other  fertilized  plots. 
Biomass  values  also  are  not  well  correlated  with  coverage 
estimates  though  this  is  not  unexpected  (Daubenmire  1968). 
Compared  to  control  plots,  the  greatest  increase  in  biomass 
occurred  on  the  Mobridge  fertilized  plot,  followed  by  the 
Wolf  Creek  and  New  Town  plots.  The  remaining  fertilized 
plots  showed  considerably  less  gain  in  biomass.  There  was 
essentially  no  difference  in  biomass  production  between 
fertilized  and  unfertilized  plots  at  the  Kenel  site.  Bio¬ 
mass  increases  resulted  from  relatively  few  species  that 
were  greatly  stimulated  by  N,  P  and  K  additions.  At  the 


Mobridge  site  Salsola  iberica  produced  most  of  the  biomass. 

At  Beaver  Creek  and  Wolf  Creek  the  huge  increases  in  biomass 
were  produced  by  Chenopodium  album .  At  New  Town  the  large 
increase  in  biomass  on  the  fertilized  plot  was  due  to  both 
Chenopodium  album  and  Iva  xanthifc lia.  At  the  Moreau  site 
the  increase  in  biomass  was  due  to  Chenopodium  album  primar¬ 
ily;  sind  at  the  Minnconjou  site  the  increase  in  biomass  was 
due  to  Kochia  scoparia. 

Though  two-dimensional  estimates  do  not  account  for  the 
height  of  these  shoreline  species,  they  are  valuable  in  esti¬ 
mating  the  potential  of  a  given  site  to  support  vegetation, 
especially  when  biomass  determinations  are  also  made.  Cover¬ 
age  and  biomass  data  provide  a  basis  from  which  to  compare 
fertilized  and  unf ertilized  plots,  as  well  as  plots  at  dif¬ 
ferent  sites. 

Edaphic  characteristics  of  substrates,  before  fertili¬ 
zation,  are  shown  in  Table  14.  Five  of  the  seven  substrates 
are  C  horizon  material.  Wolf  Creek  and  Kenel  substrates 
still  exhibit  characteristics  of  the  A  and  B  horizons  though 
some  erosion  is  evident  at  both  sites.  The  higher  than 
neutral  reactions  on  six  of  the  sites  reflects  the  relatively 
high  calcium  and  magnesium  contents  that  dominate  the  cation 
exchange  complexes.  Soil  textures  ranged  from  sandy  loam  to 
clay,  and  the  field  capacities  accordingly  range  from  a  low 
of  17%  (sandy  loams)  to  a  high  of  37%  (clay).  All  nutrient 
concentrations,  except  for  potassium,  fall  within  the  ranges 
expected  for  '’normal''  soils  (Lyon,  Buckman,  Brady  1952). 
Potassium  estimates  in  our  substrates  ranged  from  160  ppm  to 
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640  ppm  and  "expected"  concentrations  of  potassium  are  given 
as  1,700  ppm  to  33,000  ppm  (Lyon,  Buckman,  Brady  1952). 

Though  our  soils  data  do  not  clarify  the  point,  the  sub¬ 
strates  we  worked  with  could  possibly  "fix"  potassium.  The 
soils  are  subject  to  alternate  wetting  and  drying,  they  are 
mostly  alkaline,  and  they  have  montmorillonitic  colloids 
(Moodie  and  Smith  1955).  Of  the  edaphic  factors  measured, 

N,  P  and  K  contents  correlate  somewhat  with  biomass  increases. 
If  N,  P  or  K  is  a  limiting  factor  for  shoreline  plants,  then 
additions  of  these  elements  should  produce  noticeable  re¬ 
sponses  in  plant  growth.  In  this  preliminary  study  of  fer¬ 
tilizer  effects  we  observed  the  greatest  biomass  increases 
on  substrates  where  N,  P  or  K  was  initially  low.  Conversely 
least  increases  in  biomass  occurred  on  soils  having  higher 
amounts  of  these  elements  before  fertilization. 

Fertilizing  shorelines  has  the  potential  of  altering  the 
composition  of  the  natural  vegetation  and  enhancing  species 
that  are  planted.  It  is  obvious  from  one  season  of  data 
that  the  vegetation  composition  can  be  changed  as  a  result  of 
fertilization.  We  have  shown  above  the  significant  changes 
that  occurred  in  biomass  production.  One  season  of  data  is 
insufficient  to  fully  judge  the  merits  of  shore  vegetation. 

One  should  consider  the  consequences  of  changing  the  shore 
vegetation,  possible  addition  of  nutrients  to  lakes,  and 
possibly  changing  the  diversity  of  the  shore  communities. 
Presently  I  cannot  comment  on  the  effect  of  fertilization  on 
inundation  survival.  Only  one  combination  of  nutrients  was 
used  and  it  is  possible  that  varied  combinations  might  enhance 


130 


growth  on  certain  substrates.  The  increased  coverage  and 
biomass  resulting  from  fertilization  can  be  beneficial  to 
wildlife  and  this  is  important  in  our  region  where  wildlife 
habitat  has  been  significantly  depleted. 

Fertilized  plots  were  visited  again  in  July  and  August, 
1977,  to  assess  the  effects  after  more  than  a  year.  At  five 

of  the  sites - Mobridge,  Minnconjou,  Beaver  Creek,  Moreau 

and  New  Town---there  were  no  obvious  residual  effects  from 
the  fertilization  in  1976,  either  in  species  composition  or 
in  biomass  present.  At  Kenel,  Kochia  scoparia  and  Chenopodium 
album  were  2  -  3  dm  tall  in  the  plot  that  had  been  fertilized 
but  only  1  -  1 . 5  dm  tall  in  the  unfertilized  control  plot. 

No  other  differences  'were  apparent.  At  Wolf  Creek  the  re¬ 
sidual  effects  of  fertilization  were  more  apparent.  Inter¬ 
estingly,  only  9  species  were  encountered  in  the  fertilized 
plot  and  19  in  the  unfertilized  plot.  The  dominants  in  the 
fertilized  plot  were  Kochia  scoparia  and  Salsola  iberica  with 
coverages  of  39$  and  13$  respectively.  In  the  unfertilized 
plot  these  two  species  had  coverages  of  2$  and  1$  respectively. 
The  dominant  species  in  the  unfertilized  plot  were  Poa 
palustris  and  Hordeum  .jubatum  with  coverages  of  60$  and  27$ 
respectively.  In  the  fertilized  plot  the  coverages  of  these 
two  species  were  20$  and  2$  respectively.  In  terms  of  bio¬ 
mass  produced  the  Kenel  site  showed  no  effects  of  fertiliza¬ 
tion  in  1976  (Table  19)  but  plant  coverage  was  somewhat 
greater  in  the  fertilized  plot  (Table  18)  than  in  the  control 
plot.  Of  all  seven  sites  in  this  experiment,  Kenel  and  Wolf 
Creek  had  the  most  mature  soil  profiles;  this  might  aid  the 


explanation  for  obvious  lingering  effects  of  fertilization 
in  1977. 

Laboratory  Experiment . - The  response  of  Phalaris 

arundinacea  was  determined  in  8  shore  substrates.  Except  for 
Hofflund  Bay,  Phalaris  grew  better  in  substrates  to  which 
complete  nutrients  (Table  17)  were  added.  In  substrates  in 
which  N  and/or  P  were  low  (Minnconjou,  Mobridge,  Beaver  Creek 
and  Lost  Bridge)  Phalaris  also  responded  favorably  to  all 
nutrient  additions  in  which  N  and  P  were  present  (Table  20) . 
In  contrast  to  shoot  growth,  root  growth  was  better  in  the 
absence  of  N  in  all  substrates  except  Lost  Bridge  (Table  20). 
This  is  not  readily  explained  except  that  in  substrates  in 
which  N  is  limiting  the  root  retains  relatively  more  N  than 
is  transported  to  the  shoot. 

Minnconjou  substrate  is  derived  from  Pierre  Shale;  it 
is  clay  in  texture,  and  though  it  had  considerable  P  content, 
and  some  N,  Phalaris  did  respond  favorably  with  the  addition 
of  both  N  and  P.  Even  though  the  substrate  is  clay,  and  is 
subject  to  extremes  of  wetting  and  drying  under  field  con¬ 
ditions,  the  constant  soil  moisture  conditions  of  this  ex¬ 
periment  allowed  Phalaris  to  produce  as  much  dry  matter  in 
this  substrate  as  in  any  other  substrate  tested.  Shoot  bio¬ 
mass  was  significantly  greater  than  that  of  control  plants 

in  cultures  receiving  nutrients  with  N  and  P.  Root  biomass 

« 

was  signif icantly  greater  than  that  of  controls  only  in  -N 
cultures.  Shoot  height  and  number  of  culms  correlated  well 
with  increased  shoot  biomass  (Table  20). 


Hofflund  Bay  substrate  is  a  clay  loam;  it  has  more  N 
but  less  P  than  Minnconjou.  Phalaris  was  less  productive  in 
this  substrate  than  in  Minnconjou  substrate  (Table  20).  In 
no  treatment  did  root  biomass  significantly  exceed  that  of 
the  control  plants.  Only  in  -N  cultures  did  shoot  biomass 
exceed  that  of  the  controls.  Height  of  plants  and  number  of 
culms  also  did  not  exceed  that  of  control  plants  in  any 
treatment . 

Though  Lost  Bridge  and  Kenel  substrates  are  both  silt 
loams ,  critical  similarities  end  there.  Lost  Bridge  substrate 
is  recently  deposited  alluvium  from  the  Little  Missouri  River 
and  contains  little  N  or  P.  Kenel  substrate  has  both  more  N 
and  P  and  is  from  a  more  mature  soil  (Table  14).  Cation  ex¬ 
change  capacity  is  considerably  greater  in  Kenel  than  in 
Lost  Bridge  substrate.  With  the  addition  of  no  nutrients 
plant  growth  was  minimal  in  Lost  Bridge  substrate.  The  addi¬ 
tion  of  nutrients  containing  N  resulted  in  significantly  more 
root  biomass  than  the  controls.  Shoot  biomass  was  increased 
significantly  by  the  addition  of  nutrients  having  both  N  and 
P  (Table  20).  The  number  of  culms  and  shoot  height  correla¬ 
ted  well  with  shoot  biomass. 

In  the  Kenel  substrate  Phalaris  shoot  height  and  biomass 
correlated  positively  with  addition  of  N.  While  nutrients 
lacking  either  N  or  P  stimulated  significantly  more  shoot 
biomass  than  control  cultures,  even  greater  shoot  biomass  was 
produced  in  cultures  having  both  N  and  P.  Shoot  height  was 
inconsistently  related  to  nutrient  additions,  and  only  the 


Nutrient  Treatments 


Significantly  greater  than  the  mean  of  the  complete. 
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complete  and  the  -P  cultures  showed  greater  height  growth 
than  control  cultures.  Only  -N  cultures  had  significantly 
greater  root  biomass  than  the  controls  (Table  20). 

Hazen  substrate  was  the  only  loam  used  in  this  experi¬ 
ment.  Plants  in  control  cultures  produced  little  root  or 
shoot  biomass  and  only  -N  cultures  yielded  root  biomass 
greater  than  that  of  the  control  cultures .  Only  complete 
and  -N  cultures  yielded  shoot  biomass  greater  than  the 
controls.  1 

Beaver  Creek,  Wolf  Creek  and  Mobridge  substrates  were 
all  sandy  loams.  Of  the  three  only  Wolf  Creek  had  a  sub¬ 
stantial  N  content.  Phalaris  in  Wolf  Creek  substrate  also 
responded  minimally  to  N  additions .  In  no  case  was  root 
biomass  greater  than  that  in  control  cultures .  Shoot  biomass 
was  greater  them  that  of  control  cultures  in  all  but  -P 
cultures;  but  shoot  height  was  not  increased  significantly 
over  controls  in  any  of  the  treatments .  Beaver  Creek  sub¬ 
strate  had  little  N  content.  Shoot  biomass  in  complete  and 
-K  cultures  was  significantly  greater  than  that  of  control 
plants.  We  did  not  have  -S  cultures  in  this  test.  Only  in 
-N  cultures  was  root  biomass  greater  than  that  of  the  con¬ 
trols.  There  was  no  significant  differences  among  the 
heights  of  Phalaris  among  the  treatments  and  only  in  complete 
and  -K  cultures  were  there  significantly  more  culms  than  in 
the  controls.  Mobridge  substrate  also  had  little  N  and  P 
contents .  Phalaris  root  and  shoot  biomass  reflected  nutrients 
added.  Shoot  biomass  and  shoot  height  were  signif icantly 
greater  than  control  plants  in  all  treatments  except  -P. 


Again,  the  greatest  root  biomass  was  in  the  -N  cultures.  The 
number  of  culms  was  significantly  greater  than  controls  in 
all  but  -N  and  -P  cultures. 

While  useful  in  determining  plant  responses  to  nutrient 
additions  under  the  conditions  of  the  experiment,  this  ap¬ 
proach  to  plant  responses  to  nutrient  additions  has  certain 
shortcomings .  In  this  experiment  soil  moisture  was  main¬ 
tained  at  or  near  field  capacity  throughout  the  experiment. 

In  the  field  soil  moisture  varies  greatly  which  in  turn 
affects  the  availability  of  certain  nutrients.  Additionally, 
we  tested  only  one  plant  species  against  only  four  plant 
nutrients .  Obviously  there  are  many  other  combinations  of 
plants  and  nutrients  that  could  have  been  tested.  Though 
Phalaris  arundinacea  is  one  of  the  most  important  species 
along  the  lake  shores,  other  species  may  have  responded  dif¬ 
ferently  to  the  same  set  of  experimental  conditions.  The 
fact  remains,  however,  that  this  experiment  did  reveal  a 
lack  of  N  sind  P  in  some  of  the  substrates  judged  by  the  in¬ 
creased  growth  in  Phalaris  when  N  and  P  were  added. 

Nutrient  additions  in  the  field  resulted  in  increased 
plant  growth,  except  at  Kenel;  but  changes  in  species  domin¬ 
ance  at  fertilized  sites  also  occurred.  Additionally,  fer¬ 
tilization  had  only  temporary  effects;  thus  prolonged  effects 
would  require  fertilization  periodically.  This  is  not  un¬ 
expected  but  long  term  additions  of  fertilizer  elements  to 
these  lakes  may  be  less  than  desirable.  From  the  results  of 
the  field  and  laboratory  experiments  we  suggest  that  limited 


additions  of  fertilizer  elements,  particularly  N  and  P,  in 
conjunction  with  seeding  a  species  like  Phalaris  arundinacea 
could  be  useful  to  stimulate  establishment  and  growth  of 
this  species. 

RECOMMENDATIONS  FOR  MAXIMIZING  SHORE  VEGETATION 

Because  the  mainstem  Missouri  River  dams  and  reservoirs 
are  for  multiple  use,  various  demands  are  placed  on  the  water 
resource.  An  important  question  from  the  standpoint  of  the 
current  study  is  whether  shore  vegetation  can  be  enhanced 
in  the  face  of  so  many  other  demands  that  directly  or  in¬ 
directly  influence  shore  vegetation. 

Currently  the  shore  vegetation  of  Lakes  Oahe  and 
Sakakawea  is  a  mosaic  of  primarily  ephemeral  species  that 
respond  to  fluctuating  water  levels.  Each  year  most  of  the 
shore  vegetation  is  eliminated  by  a  combination  of  high 
water  and  cattle  grazing,  though  there  are  certainly  other 
factors  that  limit  the  vegetation  also.  Each  year  the  vege¬ 
tation  reestablishes  or  survives  the  water/grazing  stresses. 

Shore  vegetation  provides  food  and  cover  for  a  number  of 
animal  species,  provides  preferred  spawning  habitat  for 
several  important  fish  species,  helps  reduce  erosion  of  the 
shores  and  adds  positively  to  the  aesthetics  of  the  shore 
environment.  How  to  maintain  shore  vegetation  is  a  somewhat 
intractable  problem. 

Recommendations  to  aid  in  solving  this  problem  that  have 
developed  during  the  course  of  this  study  are  the  following. 


Because  there  are  six  mains tem  Missouri  River  reservoirs 
having  considerable  volume  for  annual  flood  control,  it 
seems  feasible  to  manage  water  levels  within  the  total 
system  of  reservoirs  to  maximize  for  shore  vegetation  along 
one  reservoir  at  a  time.  Within  a  given  reservoir,  water 
level  fluctuations  should  be  minimized  and  their  timing 
should  closely  coincide  with  the  phenologic  activities  of 
plant  species  occupying  the  shores. 

During  the  year  of  minimum  fluctuations  the  water  level 
would  best  be  maintained  at  a  level  lower  than  the  maximum 
for  the  reservoir,  but  not  as  low  as  the  lowest  level  during 
a  "normal"  year.  I  must  be  somewhat  tentative  at  this  point 
simply  because  the  water  levels  have  never  been  managed  as 
suggested  and  we  have  empirical  data  based  on  seven  consecu¬ 
tive  years  during  which  water  level  fluctuations  were  never 
the  same  two  successive  years.  The  low  water  level,  however, 
would  allow  considerable  shore  vegetation  to  develop  during 
that  one  year.  During  the  following  year  water  in  that  same 
reservoir  should  be  raised  more  rapidly  than  normal  to  in¬ 
undate  some  of  the  shore  vegetation,  thus  allowing  fish  like 
the  northern  pike  to  spawn  among  the  standing  live  and/or 
dead  shore  vegetation.  This  particular  fish  spawns  early 
in  the  spring,  so  it  is  necessary  for  water  to  inundate 
shore  vegetation  early  in  the  year.  The  above  suggestion 
assumes  that  the  remaining  five  reservoirs  have  the  capacity 
to  take  up  the  volume  of  water  that  would  normally  go  into 
the  reservoir  in  question,  and  that  output  to  the  downstream 


portion  of  the  River  could  be  adjusted  somewhat  also  to  aid 
in  this  management  plan.  If  the  minimal  water  fluctuations 
for  the  reservoir  could  be  carried  out  over  a  two-year 
period,  considerably  more  shore  vegetation  would  develop 
with  the  possibilities  of  surviving  the  inundation  the  third 
year  greatly  enhanced. 

Along  with  this  plan  would  have  to  be  some  more  control 
over  where  cattle  have  access  to  the  reservoir  shores.  We 
have  documented  that  cattle  grazing  indeed  do  limit  shore 
vegetation  development;  unless  more  stringent  guidelines  are 
set  up  and  maintained  regarding  cattle  grazing  of  the  shore 
vegetation,  the  water  level  fluctuation  plan  would  likely 
not  succeed  anyway.  It  is  my  belief  that,  regarding  shore 
vegetation  which  was  the  focus  of  this  study,  the  guidelines 
drawn  up  for  grazers  are  not  being  followed  at  the  present 
time.  I  also  know  this  is  a  difficult  problem  simply  be¬ 
cause  on  broad  expanses  of  arid  rangeland  cattle  will  con¬ 
gregate  and  impact  more  greatly  near  sources  of  water.  I 
suspect,  however,  that  corridors  clearly  marked  and  fenced 
if  necessary  could  be  established  for  cattle  to  have  access 
to  the  reservoir  water  and  the  shore  vegetation  could  be 
provided  considerably  more  protection  than  at  present. 

The  program  of  managing  water  level  fluctuations  within 
a  given  reservoir  could  be  rotated  among  the  various  re¬ 
servoirs  to  maximize  for  shore  vegetation  development  around 
one  reservoir  at  a  time.  Over  a  period  of  twelve  years, 
assuming  all  reservoirs  are  involved  in  this  program,  all 
six  reservoirs  would  benefit  from  the  program.  If,  however, 


it  were  decided  to  allow  two  years  of  shore  vegetation  de¬ 
velopment  before  it  was  inundated,  the  time  span  for  all  six 
reservoirs  would  be  six  years  longer.  It  is  also  possible 
that  certain  of  the  reservoirs  are  more  critical  than  others 
in  terms  of  this  suggested  management  plan,  and  perhaps  one 
or  two  of  the  reservoirs  may  not  be  included.  From  our  ex¬ 
perience  along  Lakes  Oahe  and  Sakakawea,  and  a  brief  period 
during  which  we  examined  most  of  the  shore  around  Fort  Peck 
Reservoir,  I  would  suggest  that  these  three  reservoirs  should 
indeed  be  involved  in  some  kind  u?  program  to  enhance  shore 
vegetation  development. 

From  our  limited  studies  on  the  effects  of  fertilizing 
shore  vegetation,  I  would  suggest  this  be  combined  with  a 
seeding  program.  Simply  fertilizing  shore  vegetation  did 
increase  production;  but  it  also  resulted  in  altered  species 
compositions  and  dominants  among  the  shore  plant  communities. 
There  was  insufficient  time  to  determine  if  these  changes 
were  favorable  for  the  longer  term  development  of  shore  vege¬ 
tation,  or  whether  the  new  communities  were  more  or  less 
tolerant  to  inundation  than  those  before  fertilizing.  In  our 
seeding  studies,  we  found  that  certain  plant  species  were 
seemingly  adapted  to  the  shore  environment,  discounting,  of 
course,  the  effects  of  inundation  and  cattle  grazing.  Plants 
lfike  Phalaris  arundinacea,  Phragmites  australis ,  Typha 
latifolia,  Agropyron  smithii,  Scirpus  validus  and  Alopecurus 
arundinac eus  and  Alopecurus  aequalis  all  do  quite  well  when 
planted  along  the  lake  3hores.  In  fact,  they  have  spread  in 
certain  areas  and  there  is  a  possibility  that  they  will  be 


"permanent"  members  of  the  shore  communities,  within  the 
constraints  imposed  on  all  species  of  the  shores .  Fertiliz¬ 
ing  newly  planted  or  seeded  areas  of  some  of  these  may  well 
be  the  best  use  of  fertilizers  along  these  lake  shores.  As 
nearly  as  we  can  tell  from  the  nutrient  studies  done,  nitro¬ 
gen  and  phosphorous  are  the  two  most  limiting  elements. 

This  is  not  totally  unexpected  in  view  of  the  shore  sub¬ 
strates  being  -mainly  parent  material  that  has  been  little 
altered  by  organisms.  A  final  point  to  consider  in  fertil¬ 
izing  any  shore  vegetation  is  the  long-term  effect  on 
eutrophication  of  the  lakes.  Very  likely,  small  additions 
of  fertilizer  elements  to  the  lake  shores  will  affect  the 
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aging  of  the  lake,,  or  not  at  all.  Continuous  long-term 
additions  of  fertilizer  elements  over  much  of  the  lake  shore 
could  indeed  speed  the  aging  process . 

The  above  suggestions  are  made  based  on  observations  and 
data  obtained  during  the  course  of  this  study.  In  making  the 
suggestions  for  enhancing  shore  vegetation  development,  I 
also  must  add  that  the  possibilities  are  remote  for  shore 
vegetation  that  will  remain  indefinitely  in  a  given  area. 

Only  if  there  were  no  water  fluctuations,  or  only  if  water 
fluctuations  were  minimal  could  one  expect  any  semblance  of 
permanent  vegetation.  At  the  same  time,  I  suggest  that  even 
if  it  is  not  permanent,  shore  vegetation  development  can  be 
enhanced  and  the  mosaic  of  shore  communities  that  shift  and 
change  in  composition  in  relation  to  factors  of  the  environ¬ 
ment  can  itself  be  considered  a  permanent  part  of  the  shore 


environment.  The  concept  of  a  shifting  and  changing  yet 
permanent  mosaic  of  plant  communities  should  be  given  every 
consideration  in  the  overall  management  of  fluctuating  water 
level ^reservoirs .  I  am  also  assuming  in  making  the  above 
suggestions  that  in  fact  shore  vegetation  is  desirable  and 
is  a  priority  item  in  the  overall  management  of  the  system 
of  Missouri  River  reservoirs.  It  is  extremely  easy  to  de¬ 
stroy  shore  vegetation  along  fluctuating  water  level  reser¬ 
voirs;  but  it  is  equally  difficult  to  maintain  shore  vege¬ 
tation  along  the  same  reservoirs. 


SUMMARY 


Major  findings  of  the  present  study  can  be  summarized 


as  follows: 


1 . \  Fluctuating  water  level  reservoirs  ordinarily  ex¬ 
hibit  a  shore  mainly  devoid  of  macrovegetation.  Vegetation 
temporarily  establishes  on  the  shore  between  periods  of  high 
water. 

Lakes  Oahe  and  Sakakawea  are  mainstem  Missouri  River 
reservoirs  that  occur  in  a  climate  which  normally  supports 
steppe  vegetation.  Growing  seasons  are  short  in  the  vicinity 
of  Lake  Sakakawea,  somewhat  longer  southward  along  Lake  Oahe. 
The  natural  vegetation  of  the  region  is  steppe  on  the  uplands 
and  woodlands  along  the  protected  ravines  of  the  Missouri 
River  ^breaks'*.  Much  of  the  substrate  around  both  lakes 
shows  signs  of  past  glaciation,  though  erosion  has  exposed 
Tertiary-  and  Cretaceous-aged  shales  and  sandstones  over  much 


of  the  area  close  to  the  lakes .  Alluvium  and  gravel  of 
Pleistocene  or  Recent  times  are  present  to  a  limited  extent 
along  the  shores . 

3.  Natural  vegetation  around  Lake  Oahe  is  distinguish¬ 
able  into  two  zones;  zone  one  vegetation  is  upland  and  has 
not  been  inundated,  and  zone  two  vegetation  is  shore  vege¬ 
tation  that  is  inundated,  at  least  in  part,  during  most  years. 
The  shore  vegetation  is  dominated  by  Agropyron  smithii , 

Hordeum  ,j ubatum ,  Rumex  crispus ,  Kochia  scoparia,  Lactuca 
serriola  and  others.  Shore  vegetation  around  Lake  Oahe  is 

a  mosaic  of  shifting  plant  communities  that  responds  to  yearly 
water  level  fluctuations  and  other  limiting  factors.  Rumex 
crispus  usually  dominates  the  shore  vegetation  the  first  year 
after  high  water.  The  second  year  after  high  water  Rumex  is 
replaced  by  Hordeum  ,j ubatum  as  a  dominant  species. 

4.  Vegetation  at  Lake  Sakakawea  is  discernible  into 
three  zones .  Upland  vegetation  is  zone  one  and  is  not  inun¬ 
dated.  Zone  two  is  shore  vegetation  intermediate  in  position 
along  the  shore.  It  is  dominated  by  Agropyron  smithii , 

Hordeum  ,i ubatum,  Poa  pratensis ,  Rumex  crispus  and  Phalaris 
arundinacea .  Zone  three  vegetation  is  that  closest  to  the 
water  and  is  dominated  by  Polygonum  lapathi folium  along  with 
Phalaris  arundinacea,  Rumex  crispus  and  Hordeum  j ubatum  as 
co-dominants.  Shore  vegetation  around  Lake  Sakakawea  also 
changes  yearly  exhibiting  responses  to  water  level  fluctua¬ 
tions  and  cattle  grazing. 

5.  Numerous  species  can  be  established  along  the  lake 
shores  either  by  seeding  or  transplanting.  The  longevity  of 


established  species  depends  on  tolerance  to  flooding!  if  pro¬ 
tected  from  grazing.  Record-high  levels  in  1975  killed  most 
species  that  had  been  planted  in  1973  and  1974.  The  only 
survivors  in  1975  of  planted  stock  were  Phalaris  arundinacea, 
Alopecurus  arundinaceus ,  Phragmites  australis ,  Typha  latifolia, 
Scirpus  validus  and  Salix  alba.  Many  species  did  survive  at 
least  two  years  of  "normal'*  water  level  fluctuations. 

6.  Record-high  water  levels  in  1975  also  allowed  us  to 
document  inundation  tolerances  of  numerous  naturally  occurring 
species.  Shrubs  are  quite  intolerant  to  flooding.  Among 
trees,  Salix  amygdaloides  was  most  tolerant  to  flooding, 

Celtis  occidentalis  and  Ulmus  spp .  were  least  tolerant.  Among 
herbaceous  species  Phalaris  arundinacea,  Phargmites  australis , 
Scirpus  validus,  Typha  latifolia  and  Agropyron  smithii  were 
most  tolerant. 

7.  In  a  laboratory  experiment  on  inundation  tolerance 
among  common  grasses  encountered  in  the  study  region, 

Phalaris  arundinacea  was  most  tolerant,  along  with  Alopecurus 
arundinaceus ,  Beckmannia  syzigachne ,  Agropyron  smithii  and 

A.  repens .  Stipa  viridula,  Puccinellia  nuttalliana  and 
Hordeum  .jubatum  were  least  tolerant. 

8.  Cattle  grazing  significantly  decreased  both  plant 
coverage  and  plant  biomass  along  both  lake  shores.  Grazing 
also  decreased  floristic  similarities  between  grazed  and  un¬ 
grazed  plots . 

9.  Fertilizing  shore  plant  communities  with  N,  P  and 

K  fertilizer  increased  vegetation  coverage  and  production  on 
sites  where  the  substrate  was  parent  material  and  low  in  N 


and/or  P.  Where  these  elements  were  present  in  adequate 
concentrations  fertilizer  did  not  increase  production.  Lab¬ 
oratory  experiments  were  done  using  seven  of  the  shore  sub¬ 
strates  and  testing  the  responses  of  Phalaris  arundinacea 
to  additions  of  nutrients  containing  N,  ?,  K  and  S.  Results 
verified  the  lack  of  N  and  P  and  the  increased  plant  growth 
with  additions  of  these  elements . 

10.  Recommendations  for  management  of  a  fluctuating 

1 

water  level  reservoir  that  could  materially  aid  shore  vege¬ 
tation  development  and  reproduction  of  certain  fish  species 
include  drastic  reduction  of  shore  area  being  grazed  by 
cattle  and/or  sheep.  Additionally,  water  level  fluctuations 
should  be  minimized  for  one  or  two  years  to  permit  develop¬ 
ment  of  considerable  shore  vegetation.  During  the  following 
year  water  levels  should  be  raised  early  in  the  spring  to 
permit  spawning  of  such  prized  game  fish  as  northern  pike. 

A  program  of  minimal  fertilization  with  N  and  P  following 

/  - 

seeding  with  such  species  as  P^  arundinac ea ,  A .  arundinac eus 
and  Agropyron  smithii  would  enhance  development  of  stands  of 
these  species.  By  rotating  among  the  lakes  the  regimen  for 
enhancing  shore  vegetation  development  and  fish  reproduction, 
the  benefits  could  be  spread  among  the  reservoirs  of  the 
mainstem  Missouri  River.  Additional  benefits  would  include 
greater  shore  vegetation  for  wildlife  habitat  and  added 
aesthetic  value  to  the  shore  environment. 

11.  In  any  given  location  along  the  lake  shores  the 
vegetation  is  not  permanent.  But  shore  vegetation  over  the 
entire  shore  area  is  a  shifting  mosaic  of  plant  communities 


of  various  composition.  It  is  this  mosaic  that  is  permanent 
and  can  be  sustained  over  an  indefinite  period  of  time. 
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Collomia  linearis 


Ilelianthus  petiolaris 


Species 


Table  F  .  Results  of  water  tolerance  experiments  on  grasses  that  commonly 
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